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INTRODUCTION 
Substantial funds are currently channeled through 
federal and state programs to improve water quality of 
midwestern agricultural streams through watershed management 
(e.g. Section 208 of the Federal Water Pollution Control Act 
and subsequent formulation of the Rural Clean Water 
Program). However, little is known about midwestern 
instream biological processes and interactions with the 
chemical and physical environment. Furthermore, the basis 
for stream ecosystem concepts was developed in forested 
regions and therefore, land management practices based on 
these contemporary models may not apply to midwestern 
streams. 
Key stream ecological processes must be empirically 
measured and quantified through direct field assessment in 
order to develop more appropriate stream ecosystem models. 
These models should lead to the development of management 
tools and a means to assess water quality improvements for a 
region plagued by specific non-point pollutants and other 
ecological modifications directly related to intensive 
agricultural practices. 
Stream ecosystems from headwater to mouth have been 
characterized as a continuum of physical, chemical and 
community changes (Vannote et al. 1980, Minshall et al. 
1983). Most work leading to the present understanding of 
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stream ecological structure and function has been done in 
hardwood forest watersheds (e.g. Teal 1957, Hynes 1951, 
Nelson and Scott 1962, Egglishaw 1968, Minshall 1967, Tilly 
1968, Hynes 1970, Cummins et al. 1972, Fisher and Likens 
1973, Cummins 1974, Suberkropp and Klug 1976, De La Cruz and 
Post 1977). Such headwater streams receive most of their 
energy from aliochthonous sources (primarily leaf fall), and 
aquatic macroinvertebrate communities have evolved to 
process such course particulate organic matter (CPOM) into 
finer particles (FPOM) which are displaced and further 
processed downstream. In these headwater streams, forest 
canopy and generally low nutrients prevent high autotrophic 
production. 
This model does not seem to apply generally to all 
stream ecosystems (Benfield et al. 1977, Gelroth and Marzolf 
1978, Minshall 1978, Mulholland 1981, Cushing and Wolf 1982, 
Fisher at al. 1982, Gurtz et al. 1982). Agriculturally 
modified midwestern streams may be particular exceptions 
(Karr and Schlosser 1978). Characteristic headwater streams 
in central Iowa often arise as. cultivated field drainage, 
and consequently concentrations of nutrients may be quite 
high. Furthermore, the canopy of headwater reaches is much 
reduced and often non-existent, having been removed to 
increase drainage efficiency and expand cultivated area. 
Thus, watershed practices promoting intensive row crop 
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agriculture tend to modify these headwater reaches in a 
variety of ways. 
Extreme and variable discharges often result when-
heavy rainfall periods coincide with denuded landscapes. 
These discharges are associated with high and variable 
suspended sediment and nutrient loads. Furthermore, stream 
channel morphology, which has been shown to influence 
habitat complexity, has been altered to a high degree in 
central Iowa (Ziitimer 1976). Apparently, the result has been 
a reduction of habitat diversity and biomass. High summer 
maximum temperatures are typical of open-canopy agricultural 
streams. Thèse changes in water quality have probably 
altered the capacity of agricultural streams to assimilate, 
process or elaborate organic material although these streams 
may never have functioned in.a manner comparable to streams 
draining forested watersheds (Gurtz et al. 1982). 
The above investigations have described stream 
structure and function by quantifying allochthonous inputs, 
decomposition, organic matter transport and storage, 
autotrophic production and community respiration. 
Macroinvertebrate community structure has also been 
described and trophic structure has been elucidated and 
correlated with organic matter processing. However, studies 
from midwestern agricultural drainages specifically 
focussing on functional ecological processes have not been 
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initiated. The purpose of this investigation, therefore, 
was to collect specific ecological data in order to define 
such processes and to estimate functional adjustments to the 
chemical, physical and biotic variables of modified . 
agricultural drainages. 
The following project objectives were proposed: (1) to 
provide a description of basic ecological structure and 
function of stream ecosystems in intensively managed 
agricultural watersheds; (2) to study several small 
agricultural streams in central Iowa which display varying 
degrees of agricultural modifications in order to describe 
specific ecological structural and functional adjustments 
associated with such modifications; (3) to determine if Iowa 
streams fit stream models developed in other parts of the 
country or if new models need to be developed for these 
streams; (4) to assess the following key indices of 
ecological structure and function in order to develop an 
appropriate conceptual model concerning agriculturally 
modified streams: water quality, detrital decomposition 
rates, primary production, and invertebrate density, 
biomass, diversity, and trophic organization; (5) to 
recommend appropriate management techniques which might be 
employed to ameliorate possible deleterious modifications of 
agricultural land use practices to water quality, ecological 
functional processes, or biological assemblages. 
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MATERIALS AND METHODS 
Watershed and Riparian Classification 
General watershed characteristics 
Headwater tributary reaches of the Skunk and Des 
Moines River drainages in central Iowa were selected to 
characterize agricultural stream structure and function. 
Field research commenced in July 1980 and was suspended on 
March 19, 1982. Due to summer, fall and winter drought 
conditions in 1980, several additional permanently flowing 
sites were selected for study in late winter, 1981. A total 
of twelve headwater stream study reaches, representing two 
watershed size categories (1-16 and 28-52 km^), were 
selected on the basis of agricultural land use practices in 
their respective watersheds. These study reaches were 
located within 8 watersheds (Figures 1-9). 
The selection and preliminary analysis of watersheds 
and study reaches was facilitated by use of latest edition 
U.S.G.S. topographical maps (1:24000), Iowa Department of • 
Transportation general county highway and transportation 
maps (1977) and U.S. Soil and Conservation Service aerial 
photographs for portions of Story, Boone and Hamilton 
counties (flight year 1980). Watershed areas were 
planimetered and small land use areas within the watersheds 
were measured with the aid of a calibrated dot grid. 
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Riparian vegetation lengths were measured with a map 
measurer. Watershed boundaries and all land use practices 
were field verified in the summer of 1981. 
Site characteristics 
Among the sites selected, eight were judged as 
perennial reaches and four as intermittent. The eight 
perennial sites were intensively studied thoughout the field 
season whereas the intermittent sites were less intensively 
studied. The following investigations were carried out 
among the permanently flowing reaches. 
Dominant riparian tree frequency and cross sectional 
area were determined along 100 meter segments along each 
bank. All trees within a two-meter wide belt transect 
adjacent to each stream margin were tabulated and tree 
diameters at breast height were measured. Total tree 
frequency and cross sectional area were then computed for 
each site. 
Frequencies and cross sectional areas of dominant tree 
species were also determined at the same sites using a 
different transect approach. Every 10 meters for 100 meters 
along the stream margin, a right angle two-meter wide belt 
transect was taken. The first tree encountered within the 
two-meter width and within a 10 meter distance from the 
stream margin was measured and identified. This process was 
repeated for each bank for all sites studied. 
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Canopy characteristics for the eight sites were 
determined by measuring both full sun and mid-stream solar 
insolation using a LiCor (model Li-185B) quantum photometer 
equiped with a quantum sensor (model 1925D). These . 
measurements were made on sunny days during mid-summer 
(1981) at each site every 5 meters at the stream surface 
over a 100 meter distance between 1030-1330 hours. In 
addition, the relative percentage of the stream shaded by 
overhanging vegetation was assessed at the same 5 meter 
intervals. 
Stream width, depth and velocity measurements were 
determined during mid-summer base flow conditions. Depth 
was measured at mid-stream and at one-half the distance to 
either shore every 10 meters for a distance of 100 meters. 
Stream velocity (cm/s) was determined by timing a slug of 
xanthene dye (yellow-green liquid concentrate. Horizon 
Ecology Co.) over 100 meter stream sections. Stream 
habitats (pools, riffles, runs) and dominant substrates 
(silt, sand, gravel, rock) were assessed by visual 
inspection at midstream points every 5 meters over 100 meter 
sections. 
Water Quality and Quantity 
Physical and chemical measurements of water quality 
were taken at regular intervals (every 2 to 4 weeks) at the 
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eight permanently flowing sites and during every major 
surface runoff event at all twelve sites. Samples and 
measurements were taken once at each site for each sampling 
period and near maximum discharge during surface runoff 
events. 
Physical measurements 
Discharge (1/s) was measured at each site according to 
procedures outlined by Robins and Crawford (1954) and 
modified by timing slugs of xanthene tracer dye in place of 
floats. Stream temperatures at eight sites were recorded 
using Taylor maximum/minimum thermometers mounted on bricks 
and placed on the stream bottom inside a section of drainage 
tile. Maximum and minimum temperatures were recorded 2-3 
times a week at each site. From these data, the summation 
of the average daily temperature, or degree days 
(Andrewartha and Birch 1954) was estimated. 
Continuous recordings of dissolved oxygen and 
temperature were made on selected dates over 24-hour periods 
at the eight intensively studied sites using a YSI (model 
55) dissolved oxygen monitor. Cumulative solar radiation 
data (Langleys/day) for these same dates (for Ames, Iowa) 
were obtained from the Iowa State University Earth Sciences 
Department. Percent oxygen saturation values were 
calculated using the tables from Standard Methods (APHA 
1975). Turbidity was measured in the lab from samples 
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collected from all 12 sites using a Hach turbidimeter (model 
2100) .  
Chemical measurements 
Total, organic and inorganic particulate (suspended) 
matter concentrations were calculated for measured volumes 
of stream water filtered through precombusted (550 C), 
preweighed Whatman GF/C glass fiber filters. Filters were 
weighed after drying (105 C) for a minimum of 1 h, and total 
particulate matter determined. Inorganic suspended matter 
was calculated after filters were combusted (550 C) for 1 h. 
Calculation of organic suspended matter was by difference. 
All filters were weighed to the nearest 0.1 mg on a 
Sartorius balance. 
Total alkalinity (as CaCO^) and total hardness (as 
CaCOg) were determined by titration for each sample (Hach 
Chemical Co. 1975). Specific conductance was measured with 
a Hach conductivity meter (model 2511). 
Total phosphorus concentrations were determined using 
the persulfate digestion and ascorbic acid determination 
(APHA 1975). Samples were centrifuged after digestion to 
remove suspended particles and analyzed after color 
development on a Beckman (model DU-2) spectrophotometer. 
Total Kjeldahl nitrogen (organic + ammonia nitrogen) was 
determined with the automated phenate method. Inorganic 
nitrogen (nitrate + nitrite) was determined with the 
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automated cadmium reduction method. Total nitrogen was 
considered to be total Kjeldahl nitrogen plus inorganic 
nitrogen. All nitrogen analyses were carried out by the 
Engineering Research Institute at Iowa State University. 
Decomposition 
Pre-weighed and dried sugar maple (Acer saccharum) and 
field corn (Zea mays) leaf substrates were used to monitor 
instream decomposition rates at eight sites. Maple leaves 
were obtained from the Iowa State University campus in the 
fall (late September, 1980) just after leaf abcision. Corn 
husks ("leaves") were gathered shortly after harvest 
(October, 1980) from the Iowa State University experimental 
farm located 5 miles west of Ames, Iowa. The husks were 
trimmed and large quantities-of both leaf types were oven 
dried (60 C) to constant weights. Approximately 5-gram 
quantities of each leaf type were then weighed to the 
nearest 0.01 g, labeled according to initial dry weights, 
wrapped in cheese cloth, and soaked in tap water for 1 h to 
soften. 
The softened leaves of each leaf type were stapled 
into several packs using color coded and individually 
numbered plastic buttoneers (Dennison Co.). The packs were 
then placed into plastic "zip-loc" bags (three replicate 
packs per bag) and stored in a freezer for a maximum of one 
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week before use. A total of 12 packs of each leaf type 
comprised an experimental decomposition series for a given 
site. Each decomposition series was composed of four 
exposure periods with three replicate substrates for.each 
substrate type. 
Three successive decomposition series were run at 
permanently flowing sites. Series I (7 November 1980 - 24 
April 1981) was run at three sites and exposure lengths were 
29, 57, 126 and 168 days in duration. Series II (19 April 
1981 - 10 August 1981) was run at eight sites for 26, 52, 71 
and 113 days. Series III (26 August 1981 - 10 December 
1981) was also run at eight sites for 18, 64, 89 and 114 
days after initial placement. In all cases, three replicate 
packs of a substrate type were tied onto a single brick, 
using braided nylon line. A total of eight bricks were 
placed in stream riffles at each site, with lashed 
substrates facing upstream to simulate natural detrital 
accumulations, and were otherwise treated according to 
procedures outlined by Peterson and Cummins (1974). 
After each exposure, three replicate packs of each 
leaf type were collected, oven dried (60 C) to constant 
weight, and reweighed to the nearest 0.01 gram. 
Decomposition was defined as the percent weight lost from 
initial dry weight. 
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Primary Production 
Suspended chlorophyll a 
Stream samples at the eight perennial sites were 
analyzed for suspended algal chlorophyll (chlorophyll a) 
throughout the sampling period. Sampling dates coincided 
with water quality collection dates. Measured volumes of 
stream water were filtered through Whatman GF/C glass fiber 
filters and stored with desiccant in a freezer for a maximum 
of six weeks. A tissue grinder was used to macerate the 
filters, and acetone was used to extract photosynthetic 
pigments. Concentrations of chlorophyll a, phaeophytin and 
chlorophyll a corrected for phaeophytin were determined 
according to Richards with Thompson (1952) and Yentsch and 
Menzel (1963) using the equations of Strickland and Parsons 
(1968). A Beclunan (model DU-2) spectrophotometer was used 
to assess optical densities of the centrifuged supernatant. 
Concentrations were expressed as mg/m^. 
Periphyton 
Concrete bricks (171 cm^ upper surface area) were used 
as artificial substrates for the collection of periphyton 
communities. Three replicate bricks were placed in a riffle 
section of each of eight stream sites. After every two week 
colonization period (from 20 April 1981 to 30 November 
1981), the bricks were retrieved and the surficial material 
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detached from the upper surface with the aid of a nylon 
bristled brush. The detached material from each brick was 
stored in 125 ml opaque jars on ice and transported to the 
lab. This material was then diluted to 500 ml, mixed well, 
and a portion (10-50 ml) decanted onto Whatman GF/C glass 
fiber filters. The samples were subsequently analyzed for 
chlorophyll a according to procedures outlined for suspended 
chlorophyll, and concentrations were expressed as mg/m^. 
Diurnal oxygen curve analysis 
Data recorded using a YSI (model 55) temperature and 
dissolved oxygen monitor were used to estimate gross primary 
productivity and community respiration (g O^/m^/day) 
according to the methods of Hall and Moll (1975). These 
data were gathered from the eight intensively studied sites 
over 22 summer and fall 24-hour periods in 1981 and one 
spring period in 1982. Rates of diffusion were calculated 
using the equations presented in Owens (1974). The 
diffusion equations required flow rates between 0.03-1.50 
m/sec, and mean depths between 0.12-3.35 m. Mean depths at 
Honey Trib. were below the minimum requirement and, 
therefore, oxygen data for this site were not further 
analyzed. 
Diffusion rates were calculated for each hour and 
added to or subtracted from hourly changes in dissolved 
oxygen. Volumetric rates of productivity and respiration (g 
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O^/m^/day) were calculated by dividing areal rates by mean 
depths. The monitor's oxygen sensor was calibrated before 
and after each sampling period using the azide modification 
of the Winkler method for dissolved oxygen (APHA 1975). 
The temperature probe was also checked before and after 
sampling runs with laboratory thermometers immersed in a 
waterbath. 
Invertebrate Community Structure 
General methodology 
Invertebrates were collected from the eight 
permanently flowing stream sites from five substrate types : 
experimental leaf packs (maple and corn leaves), artificial 
substrates (masonite plates) and natural detritus (leaves or 
grass). Invertebrates associated with the leaf packs were 
sampled according to the decomposition series schedule. 
An artificial substrate invertebrate sampling device 
was designed for use in small stream riffles. The design 
was a modification of the original concept of multiple 
masonite plates separated by spacers and mounted on a 
centrally positioned bolt (Hester and Dendy 1962). This 
original sampler, and many subsequent modifications, were 
generally suspended in the water column (Cairns 1982) and 
therefore could not be employed in shallow riffle areas. 
The modified design allowed for easy deployment in the 
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shallow riffle areas encountered in this study. 
The "riffle sampler" consisted of four 7.6 cm square 
masonite plates separated by 2.5 cm square spacers. Each 
plate was separated by 0.5 cm and plates and spacers.were 
mounted on a centrally positioned bolt and held together by 
a wing-nut. Three such plate series were mounted 
equidistantly on a single 20 cm square concete patio block. 
The area available for colonization by invertebrates was 
0.0442 per sampler. 
These modified samplers were positioned in stream 
riffles in the eight perennial sites for four-week 
colonization exposures. The samplers were collected on 27 
October 1981 and 18 May 1982. 
Natural detritus was collected in stream riffles from 
eight sites on 12 November 1981. Three replicate detrital 
accumulations (ca. 5 grams dry weight each) were collected 
in close proximity from each of the eight study riffles. 
All samples were collected in such a manner as to 
minimize loss of macroinvertebrates. Each brick with 
associated experimental leaf packs was carefully removed 
from the stream and immediately placed in an enamel pan. 
The three replicate packs were then removed and placed in 
separate plastic freezer containers. Natural detritus 
accumulations were also placed in separate plastic 
containers. Artificial substrates were removed from their 
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bases in situ by first removing the wing-nut and placing a 
plastic freezer container lid underneath the bottom plate 
and inverting the plastic container over the plate series. 
The container was then snapped to the lid and the container 
with captured plates removed. 
All invertebrates were removed from their associated 
substrates in the lab by carefully washing the materials 
under a stream of water. Invertebrates were retained in a 
No. 35 U.S. Soil Sieve (0.5 mm mesh openings) and preserved 
in a 10 percent formalin solution. Invertebrates were 
subsequently sorted (15X) and identified (to lOOX) using a 
Wild stereomicroscope. 
Functional groups 
All invertebrates sampled were identified according to 
the trophic classification system outlined by Merritt and 
Cummins (1978). This system categorizes aquatic insects 
into functional feeding groups by the basic methods employed 
for food aquisition (i.e. Shredders, Collectors, Scrapers, 
Predators) rather than the type of food ingested. In 
addition, this classification does not generally require 
species or even generic level refinement. 
Diversity (Shannon-Weiner function; Poole 1974), 
richness (number of taxa), density, and biomass analyses 
were performed on invertebrate samples for each sampling 
date and method. Organisms sorted into functional groups 
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were oven dried (105 C) to constant weight and the resulting 
biomass was expressed as mg dry weight. Additional 
references used for classifying insect and non-insect • 
invertebrates were Huggins et al. (1981) and Pennak (1978). 
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RESULTS 
Watershed and Riparian Classification 
General watershed characteristics 
Site locations and general watershed characteristics 
are listed in Table 1. The eight watersheds were divided 
into 12 drainages; those draining less than 15 km^ and those 
draining between 28 - 52 km^. Four of the drainages were 
ephemeral (Bear-A, Walnut-A, Onion-A and B), two 
intermittent for short periods (Walnut-B and Big-B) and six 
perennial. In general, streams tributary to the Des Moines 
River have steeper gradients than those tributary to Squaw 
Creek or Skunk River. The Big Creek basin, however, lies 
beyond the rather steep terrain characteristics of the other 
Des Moines River tributary watersheds studied. 
Land use practices within the eight studied watersheds 
(Table 2, Figures 2-9) are dominated by row crop agriculture 
(53-88% of land area). However, Des Moines River tributary 
drainages (except Big Creek) comprise proportionately more 
woodland and pastured timber (Bear, Coal Valley, Honey, 
Honey Trib.). Indeed, there is a significant correlation 
between stream gradient and the proportion of row crop area 
among the eight watersheds (r = -0.72, P < 0.05). Wooded 
riparian vegetation (Table 3) is also proportionately more 
important among these same drainages. In general, grasses 
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TABLE 1. Site location, watershed area (km^), stream length 
(km), and gradient (m/km) 
Site Area Length Grad Trib to Co Twp Range Sec 
Bear-A 5 .70 2 .29 8, .0 DM BO T83N R27W 23 
Bear-B 35 .32 4, .88 8, .1 DM BO T83N R26W 19 
Coal Valley 14, .20 4, .73 8, .4 DM BO T83N R27W 1 
Honey 39, .45 5, .64 11, .9 DM BO r83N R25W 7,8 
Honey Trib. 1. 06 1, .37 31, .1 HY BO T83N R26W 7,8 
Big-A 15, .86 4. ,27 2. ,1 DM BO T83N R26W 1,12 
Big-B 27, ,95 9. 91 2, ,1 DM BO T83N R25W 19,20 
Walnut-A 3, 82 1, ,37 4. ,4 SK ST T83N R24W 29,30 
Walnut-B 32. ,51 7. ,16 3. ,4 SK ST T83N R24W 34 
Onion-A 11. ,08 8. ,08 3. ,8 SQ BO T84N R25W 22,27 
Onion-B 37. ,36 12. ,50 3. 2 SQ BO T84N R25W 25,26 
Keigley 52. 28 13. 41 2. 0 SK HA T85N R24W 5,8 
BO = Boone County, HA = Hamilton County, ST = Story County 
DM = Des Moines River, HY = Honey Creek, SK = Skunk River, 
SQ = Squaw Creek 
dominate the riparian zone vegetation of the other 
drainages. 
Site characteristics 
Only six sites were characterized as possessing 
riparian trees (Table 4) within the 100-meter study reaches. 
Of these, Walnut-B had the greatest cross sectional riparian 
tree area whereas Coal Valley had the largest number of 
trees. The riparian zones of Honey and Honey Trib. were 
also characterized by numerous trees. 
The woody riparian vegetation was dominated by 22 
species (Table 5). The most common species were Boxelder, 
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TABLE 2. Breakdown of watershed land use practices by area 
(ha) 
•Pastimb=pastured timber, Pasgrass=grass pasture, 
Smgrain=small grains. Re s i nd=re s i denti a1 and 
industrial, Farmsted=farmstead area, Nofarms= 
number of farmsteads, Rdways=road area 
Drainage Total Row crop Pastimb Pasgrass Hay land Smgrain 
Bear-A 715 600 30 13 9 24 
Bear-B 3130 2670 211 37 47 12 
Total 3846 3270 241 50 56 36 
Coal Val. 1484 962 77 58 74 31 
Honey 3889 2079 260 75 131 49 
Honey T. 97 56 12 2 1 0 
Big-A 1670 1366 0 4 94 28 
Big-B 1165 1028 2 36 20 32 
Total 2835 2394 2 40 114 60 
Walnut-A 366 305 0 1 5 41 
Walnut-B 2854 2453 30 64 58 80 
Total 3220 2758 30 65 63 121 
Onion-A 1079 914 1 30 40 35 
Onion-B 2447 2072 0 46 97 79 
Total 3526 2986 1 76 137 114 
Keigley 5196 4552 4 139 114 108 
Drainage Wood Fallow Resind Farmsted Nofarms Rdways Mise 
Bear-A 1 3 0 15 12 21 0 
Bear-B 18 14 0 50 49 72 1 
Total 19 17 0 65 61 93 1 
Coal Val. 136 17 26 41 33 60 2 
Honey 182 1 928 70 70 100 Ï4 
Honey T. 25 0 0 1 1 0 0 
Big-A 0 0 86 30 27 50 12 
Big-B 2 0 0 21 20 24 0 
Total 2 0 86 51 47 74 12 
Walnut-A 0 0 0 5 5 7 2 
Walnut-B 0 2 29 64 55 67 7 
Total 0 2 29 69 60 74 9 
Onion-A 0 0 0 31 22 28 0 
Onion-B 13 0 13 45 45 75 7 
Total 13 0 13 76 67 103 7 
Keigley 0 18 0 106 82 129 26 
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TABLE 3. Breakdown of riparian lengths (m) by category and 
drainage (Timpast=tirnbered pasture, Bare=no 
riparian vegetation) 
Drainage County Grass Pasture Timpast . Timber 
Bear-A BO 1157 0 956 0 
Bear-B BO 1157 0 3672 402 
Coal Valley BO 503 0 2213 1659 
Honey BO 0 0 2163 2515 
Honey Trib. BO 0 0 403 1308 
Big-A BO 1257 0 0 0 
Big-B BO 4325 1866 453 251 
Walnut-A ST 1006 0 0 0 
Walnut-B ST 5282 1711 101 200 
Onion-A BO 2917 754 0 0 
Onion-B BO 3420 2665 0 1559 
Keigley HS 4475 4678 402 0 
30 = Boone, HS = Hamilton and Story, ST = Story 
Drainage Shrubs Bare Aquaducts Total 
Bear-A 705. 0 0 2818 
Bear-B 705 0 0 5936 
Coal Valley 0 0 101 4576 
Honey .0 0 75 4753 
Honey Trib. 0 0 0 1711 
Big-A 402 0 0 1659 
Big-B 1005 0 0 7900 
Walnut-A 0 0 0 1006 
Walnut-B 0 0 0 7294 
Onion-A 3068 0 0 6739 
Onion-B 4174 0 0 11818 
Keigley 754 1861 0 12170 
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TABLE 4. Summary of riparian tree frequency and cross 
sectional area (m^) among sites (R=right, L=left, 
T=total) 
Site Bank Freq Area 
Bear-B R 8 1. ,54 
Bear-B L 8 0. 05 
Bear-B T 16 1. 59 
Coal Valley R 118 0. 69 
Coal Valley L 106 1. 50 
Coal Valley T 224 2. 19 
Honey R 56 0. 82 
Honey L 87 1. 66 
Honey T 143 2. 48 
Honey Trib. R 129 1. 17 
Honey Trib. L 79 0. 54 
Honey Trib. T 208 1. 71 
Big-B R 31 0. 19 
Big-B L 14 0. 17 
Big-B T 45 0. 36 
Walnut-B R 146 5. 65 
Walnut-B L 29 1. 29 
Walnut-B T 175 6. 94 
American Elm, and Black and Sandbar Willow, although large 
Eastern Cottonwood, Hackberry, Mulberry and Weeping Willow 
trees comprised a significant cross sectional area at some 
sites. 
The sites dominated by riparian trees, not 
unexpectedly, were characterized as heavily shaded (Table 
6). Shade conditions among the eight permanently flowing 
and short-term intermittent sites were highly correlated 
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TABLE 5. Frequency and cross sectional area of dominant 
riparian tree species 
Species Bear-B Coal Honey Honey Big-B 
Valley Trib, 
Acer negundo 6 5 8 3 0 
Salix nigra 0 5 0 9 1 
Salix interior 0 19 0 0 0 
Ulmus americana 0 0 3 4 0 
Populus deltoides 0 2 1 2 4 
Celtis occidentalis 0 0 0 8 1 
Carpinus caroliniana 1 0 0 5 0 
Ulmus sp. 0 0 5 0 0 
Ulmus rubra 0 0 2 3 0 
Morus sp. 1 0 2 0 0 
Ostrya virginiana 5 0 0 0 0 
Fraxinus sp. 0 0 1 3 0 
Salix babylonica 0 2 0 0 0 
Gleditsia triacanthos 2 1 0 0 0 
Acer saccharum 0 0 0 1 0 
Quercus borealis 0 0 0 1 0 
Carya ovata 0 0 0 1 0 
Juglans nigra 0 0 0 0 0 
Xanthoxylum americanum 0 0 1 0 0 
Juniperus virginiana 1. 0 0 0 0 
Acer nigrum 0 0 0 0 0 
Sambucus canadensis 0 0 0 0 0 
Total 15 34 24 40 6 
Walnut Sites Total Area Common name 
Species B cm^ 
A. negundo 2 5 24 19430 BOXELDER 
S. nigra 4 4 19 4864 BLACK WILLOW 
S. interior 0 1 19 335 SANDBAR WILLOW 
U. americana 8 3 15 1021 AMERICAN ELM 
P. deltoides 3 5 12 1539 E. COTTONWOOD 
C. occidentalis 0 2 9 2490 HACKBERRY 
C. caroliniana 3 3 9 • 227 AM. HORNBEAM 
U. sp. 2 2 8 547 ELM 
U. rubra 2 3 7 612 SLIPPERY ELM 
M. sp. 3 3 6 3957 MULBERRY 
0. virginiana 1 2 6 472 IRONWOOD 
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TABLE 5 (continued) 
Walnut Sites Total Area Common name 
Species B cm^ 
F. sp. 1 3 5 352 ASH 
S. babylonica 1 2 3 5243 WEEPING WILLOW 
G. triacanthos 0 2 3 755 HONEY LOCUST 
A. saccharum 2 2 3 64 SUGAR MAPLE 
Q. borealis 2 2 3 39 NORTHERN RED OAK 
C. ovata 2 2 3 22 SHAGBARK HICKORY 
J. nigra 1 1 1 113 BLACK WALNUT 
X. americanus 0 1 1 10 N. PRICKLEY ASH 
J. virginiana 0 1 1 7 E. RED CEDAR 
A. nigrum 1 1 1 3 BLACK MAPLE 
S. canadensis 1 1 1 3 ELDERBERRY 
Total 39 6 159 42315 
with the number of riparian trees (r = 0.93, P < 0.01). In 
general, shaded sites were negatively associated with 
watersheds characterized by higher proportions of their land 
area in row crops (r = -0.75, P < 0.05). Coal Valley, 
Honey, Honey Trib, and Walnut-B all had greater than 50 
percent mean shade and less than 50 percent of available 
sunlight at mid-stream water surface locations. 
Selected stream physical characteristics are listed in 
Table 7. During base flow conditions, mean stream widths 
among flowing sites ranged from 86 - 595 cm, and mean depths 
ranged from 7-15 cm. Three sites (Honey, Honey Trib., and 
Keigley) had mean stream velocities of 10 cm/s or greater 
whereas all others ranged from 3-7 cm/s. Keigley had the 
lowest stream gradient (2.0 m/km) but yet the second fastest 
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TABLE 5. Solar radiation (microeinsteins) and shade 
conditions for study reaches in July 1981 
Variable Mean Minimum Maximum Standard 
Value Value Deviation 
Site=Bear-B 
Full sun 1584 1625 1800 59 
Solar rad. 907 45 1800 754 
Shade percent 42 0 100 43 
Site=Big-A 
Full sun 1780 1780. 1780 0 
Solar rad. 1551 170 1780 392 
Shade percent 15 0 85 28 
Site=Big-B 
Full sun 1540 1500 1550 20 
Solar rad. 1235 90 1550 507 
Shade percent 35 0 85 33 
Site=Coal Valley 
Full sun 1374 1300 1450 75 
Solar rad. 252 3 1300 394 
Shade percent 71 0 100 31 
Site=Honey 
Full sun 1400 1200 1600 139 
Solar rad. 528 50 1600 494 
Shade percent 69 0 100 22 
Site=Honey Trib. 
Full sun 1167 1000 1550 205 
Solar rad. 323 10 1200 443 
Shade percent 75 15 100 33 
Site=Keigley 
Full sun 1550 1650 1650 0 
Solar rad. 1640 1550 1650 30 
Shade percent 13 0 100 31 
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TABLE 5 (continued) 
Variable Mean Minimum 
Value 
Maximum Standard 
Value Deviation 
Site=Onion-B 
Full sun 
Solar rad. 
Shade percent 
1450 
707 
43 
1450 
43 
0 
1450 
1500 
100 
0 
561 
41 
Site=Walnut-B 
Full sun 
Solar rad. 
Shade percent 
1450 
579 
62 
1450 
19 
0 
1450 
1450 
100 
0 
613 
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stream mean velocity measured (17 cm/s). 
Stream habitats of perennial sites varied greatly 
(Table 8). Big-B, Coal Valley and Walnut-B were dominated 
by pool reaches whereas Honey and Keigley were dominated by 
riffles. Bear-B and Honey Trib. were dominated by run 
habitats, and Big-A was characterized by numerous 
transitional run-pool sequences. 
Stream bed substrates among most sites were dominated 
by sand and/or gravel (Table 9). However, the number of 
riparian trees among the eight sites was highly correlated 
with percent streambed gravel (r = 0.84, P < 0.01) and 
shaded sites tended to have fewer silty reaches (r = -0.77, 
P < 0.05). Big-A, an open canopy site, was dominated by 
extensive silt reaches and Keigley (open canopy) was 
characterized by numerous silt deposition zones. Only Bear-
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TABLE 7. Stream width (cm), depth (cm), and velocity (cm/s) 
characteristics by site during summer (1981) base 
flow 
Variable Mean Minimum 
Value 
Maximum 
Value 
Standard 
Deviation 
Width 423 
Left bank 14 
Middle 13 
Right bank 12 
Velocity 5 
Width 213 
Left bank 7 
Middle 9 
Right bank 9 
Velocity 7 
Width 
Left bank 
Middle 
Right bank 
Velocity 
232 
14 
15 
14 
4 
Site=Bear-B 
255 
5 
2 
3 
Site=Big-A 
76 
2 
2 
2 
Site=Big-B 
100 367 
-4 35 
3 42 
3 43 
540 103 
34 8 
27 8 
23 7 
330 73 
17 5 
24 8 
21 7 
Width 160 
Left bank 0 
Middle 11 
Right.bank 0 
Velocity 5 
Width 595 
Left bank 10 
Middle 14 
Right bank 13 
Velocity 18 
Site=Coal Valley 
27 282 
0 0 
2 27 
0 0 
Site=Honey 
162 
1 
2 
2 
775 
20 
50 
28 
83 
10 
13 
14 
68 
0 
8 
0 
171 
5 
13 
7 
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TABLE 7 (continued) 
Variable Mean Minimum 
Value 
Maximum 
Value 
Standard 
Deviation 
Width 86 
Left bank 0 
Middle 7 
Right bank 0 
Velocity 10 
Width 243 
Left bank 10 
Middle 14 
Right bank 13 
Velocity 17 
Width 256 
Left bank 13 
Middle 12 
Right bank 10 
Velocity 3 
Width 352 
Left bank 15 
Middle 15 
Right bank 12 
Velocity 5 
Site=Honey Trib. 
39 
0 
2 
0 
Site=Keigley 
115 
2 
4 
2 
Site=Onion-B 
88 
3 
0 
. 1 
Site=Walnut-B 
229 
2 
2 
2 
175 
0 
30 
0 
41 
0 
8 
0 
490 134 
26 8 
33 10 
40 11 
450 107 
49 13 
39 11 
23 8 
495 79 
30 9 
36 9 
32 8 • 
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TABLE 8. Frequency and percent (Pet) of habitat type by 
site (Col=column) 
Site Habitat 
Freq | 
Row Petj 
Col Petj Pool 1 Riffle 1 Run 1Runpool IRunriffle 
Bear-B | 
1 
1 
2 
9.52 
4.44 
1 6 
1 28.57 
1 11.32 
1 
1 61 
1 26 
13 
.90 
.00 
1 0 
1 0.00 
1 0.00 
1 0 1 
1 0.00 1 
1 0.00 1 
Big-A 1 
1 
1 
2 
9.52 
4.44 
1 5 
1 28.57 
1 11.32 
1 
1 23 
1 10 
5 
.81 
.00 
1 8 
1 38.10 
1 44.44 
1 0 1 
1 0.00 1 
1 0.00 1 
Big-B 1 
1 
1 
14 
56.67 
31.11 
i 3 
1 14.29 
1 5.65 
1 
1 19 
1 8 
4 
.05 
00 
1 0 
1 0.00 
1 0.00 
1 0 1 
1 0.00 1 
1 0.00 1 
Coal V. 1 
1 
1 
10 
47.62 
22,22 
1 4 
1 19.05 
1 7.55 
1 
1 23 
1 10 
5 
81 
00 
1 2 
I 9.52 
1 11.11 
1 -0 1 
1 0.00 1 
1 0.00 1 
Honey | 
1 
1 
2 
9.52 
4.44 
1 11 
1 52.38 
1 20.75 
1 
1 - 19 
1 8 
4 
05 
00 
1 • 2 
1 9.52 
1 11.11 
1 2 1 
1 9.52 1 
1 100.00 1 
Honey T.| 
I 
1 
3 
14.29 
5.67 
1 8 
1 38.10 
1 15.09 
1 
1 47. 
1 20. 
10 
62 
00 
1 0 
1 0.00 
1 0.00 
1 0 1 
1 0.00 1 
1 0.00 1 
Keigley | 
1 
1 
2 
9.52 
4.44 
1 10 
1 47.52 
1 18.87 
1 
1 28. 
1 12. 
6 
57 
00 
1 3 
1 14.29 
1 16.67 
1 0 1 
1 0.00 1 
1 0.00 1 
Walnut-B| 
1 
1 
10 
47.52 
22.22 
1 5 
1 23.81 
1 9.43 
1 
1 14. 
1 6. 
3 
29 
00 
Î r 
1 14.29 
1 15.57 
1 0 1 
1 0.00 1 
1 0.00 1 
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B had greater than 15 percent frequency of rock substrates. 
All sites transported high concentrations of suspended 
organic and inorganic particulate matter during surface-
runnoff events. A correlation between percent sand 
substrates and maximum (r =0.77, P < 0.05) or mean total 
particulate matter (r = 0.76, P < 0.05) indicated the 
tendency for progressively more sandy sites to transport 
more suspended matter. 
Water Quality and Quantity 
The water quality charateristics of the streams 
studied reflected the nature of their watersheds. These 
watersheds all lie within the Des Moines lobe, a region of 
glacial till high in calcium, and are characterized by 
extensive row crop agriculture. As a result, the streams 
are all highly buffered and, as a probable consequence of 
fertilizer applications in their watersheds, contain very 
high concentrations of phosphorus, nitrogen, and suspended 
materials (Tables 10, 11). 
Stream discharges during initial sample collection 
were extremely reduced as a consequence of a prolonged 
drought (Table 10). The drought persisted until mid June 
1981 when flows increased (Table 11, Figure 10). However, 
sporadic summer storms produced pulsed flow regimes at most 
sites (Figure 10). 
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TABLE 9. Frequency and percent (Pet) of substrate type by 
site (Col=column) 
Site Substrate 
Frequency 
Row Pet 
Col Pet 
1 
1 
1 Gravel |Rock 1 Sand 1 Silt 1 
Bear-B 1 1 
1 4.76 
1 1.85 
1 
1 23 
1 33 
5 
81 
33 
1 
1 
1 
71 
19 
15 
43 
48 
1 
1 
1 
0 
0.00 
0.00 
1 
1 
1 
Big-A 1 2 
1 9.52 
1 3.70 
1 
1 0 
1 0 
0 
00 
00 
1 
1 
1 
28 
7 
6 
57 
79 
1 
1 
1 
13 
61.90 
59.09 
1 
1 
1 
Big-B 1 4 
1 19.05 
1 7.41 
1 
1 0. 
1 0. 
0 
00 
00 
1 
1 
1 
80. 
22. 
17 
95 
08 
1 
1 
1 
0 
0.00 
0.00 
1 
1 
1 
Coal Valley 1 10 
1 47.62 
1 18.52 
1 
1 14. 
1 20. 
3 
29 
00 
1 
1 
1 
33. 
9. 
7 
33 
09 
1 
1 
1 
1 
4.76 
4.55 
1 
1 
1 
Honey 1 9 
1 42.86 
1 16.67 
1 
1 14. 
1 20. 
3 
29 
00 
1 
1 
1 
42. 
11. 
9 
86 
69 
1 
1 
1 
0 
0.00 
0.00 
1 
1 
I 
Honey Trib. 1 14 
1 66.67 
1 25.93 
1 
1 4. 
1 6. 
1 
76 
67 
1 
1 
1 
28. 
7. 
6 
57 
79 
1 
1 
1 
0 
0.00 
0.00 
1 
1 
1 
Keigley 1 2 
1 9.52 
1 3.70 
1 
1 0. 
1 0. 
0 
00 
00 
1 
1 
1 
52. 
14. 
11 
38 
29 
1 
1 
1 
8 
38.10 
36.36 
1 
1 
1 
Walnut-B 1 12 
1 57.14 
1 22.22 
1 
1 14. 
1 20. 
3 
29 
00 
1 
1 
1 
28. 
7. 
6 
57 
79 
1 
1 
1 
0 
0.00 
0.00 
1 
1 
1 
J N 
1 
3 
3 
3 
3 
3 
3 
3 
3 
0 
0 
0 
5 
10 
10 
10 
10 
10 
10 
10 
10 
2 
3 
2 
5 
10 
10 
10 
10 
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Summary statistics for selected stream physical 
and chemical parameters for the period 13 July 
1980 to 18 January 1981 (prior to the selection 
of new sites) 
Mean Minimum Maximum Standard 
Value Value Deviation 
Site=Bear-A 
0.00 0.00 0.00 
8.07 2.20 18.00 8.65 
11.70 4.20 26.10 12.47 
3.43 2.60 4.70 1.12 
8.27 1.60 21.40 11.37 
642.33 422.00 775.00 192.14 
264.00 206.00 300.00 50.71 
365.33 240.00 440.00 109.20 
0.16 0.12 0.23 0.06 
Site=Bear-B 
15.08 
7.84 
13.54 
3.14 
10.50 
624.20 
320.00 
352.20 
0.06 
1.61 
0.82 
1.07 
11.50 
-1.70 
0.30 
0 . 2 0  
0 . 1 0  
520.00 
256.00 
286 .00  
0 . 0 1  
1.58 
0.58 
0.54 
17.90 
18 .00  
39.20 
7.00 
32.80 
850.00 
462.00 
498.00 
0.13 
1.64 
1.04 
1.60 
2 . 6 8  
5.68 
14.82 
2 . 6 6  
12.33 
100.64 
60.73 
59.61 
0.04 
0.Ô4 
0.23 
0.75 
Site=Big-A 
11, .18 7.30 16, .40 3.83 
8, .55 3.50 17, .00 5.45 
19, .23 3.90 58, .80 18.85 
3, .89 0.80 • 9, .40 3.30 
15. ,34 3.10 49. ,40 15.79 
749. 00 660.00 950. ,00 93.21 
305. ,90 255.00 414. ,00 48.49 
417. 40 345.00 538. ,00 58.67 
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TABLE 10 (continued) 
Variable N Mean Minimum Maximum Standard 
Value Value Deviation 
TPHOS 10 0.13 0.01 0.28 0.08 
TN 2 2.06 1.52 2.60 0.76 
IN 3 1.59 0.73 2.06 0.74 
TKJEL 2 0.71 0.63 0.79 0.11 
- Site=Big-B -
DSCHG 5 15, .14 7.30 26 .30 8.49 
TURB 8 9, 85 2.60 19 .00 6.96 
TPM 8 21. ,10 4.00 69, .80 21.84 
OPM 8 4, 91 1.90 11. 40 3.41 
IPM 8 16. ,19 1.80 58, .40 18.59 
GOND 9 653. 89 420.00 910, 00 143.65 
TALK 9 253. ,33 142.00 370, 00 66.48 
THARD 9 355. 56 216.00 500. ,00 86.05 
TPHOS 9 0. 10 0.01 0. ,22 0.08 
TN 1 1. 32 1.32 1. ,32 
IN 2 1. 01 0.81 1. ,22 0.29 
TKJEL 1 0. 51 0.51 0. ,51 
Site=Onion-A 
DSCHG 2 0. ,20 0.00 0. ,40 
TURB 5 14. ,54 8.70 21. ,00 
TPM 5 23. ,64 17.60 38. ,20 
OPM 5 5. ,72 3.40 11. ,80 
IPM 5 17. 92 13.40 26. ,40 
GOND 5 631. 00 410.00 725. 00 
TALK 5 279. 80 162.00 336. 00 
THARD 5 362. 80 204.00 424. 00 
TPHOS 5 0. 27 0.18 0. 42 
TN 0 
IN 0 
TKJEL 0 
0 . 2 8  
5.11 
8.34 
3.54 
5.30 
131.83 
58.83 
93.88 
0 . 1 0  
Site=Onion-B 
DSGHG 2 4.15 2.80 5, .50 1.91 
TURB 4 14.00 12.00 15, .00 1.41 
TPM 4 29.45 17.50 45, .60 12.99 
OPM 4 8.25 7.20 9, .10 0.87 
IPM 4 21.20 8.40 38. 40 13.56 
GOND 4 550.00 450.00 710. ,00 116.33 
TALK 4 243.25 194.00 322. 00 55.22 
THARD 4 307.00 252.00 400. ,00 65.94 
TPHOS 4 0.17 0.12 0. ,21 0.04 
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TABLE 10 (continued) 
Variable N Mean Minimum Maximum Standard 
Value Value Deviation 
C! *1 +• A ""•TAJ O 1 M11 4" — A 
' waxnuL""H 
DSCHG 2 1.00 0.20 1.80 1.13 
TURB 5 10.40 4.00 16.00 4.62 
TPM 5 11.18 0.80 22.90 8.19 
0PM 5 3.64 0.50 6.30 2.11 
IPM 5 7.54 0.30 16.60 6.36 
COND 5 776.00 725.00 825.00 36.30 
TALK 5 356.80 320.00 400.00 33.36 
THARD 5 414.00 388.00 438.00 22.67 
TPHOS 5 0.77 0.18 1.70 0.68 
TN 0 
IN 0 
TKJEL 0 
• • • • 
C 4 ^ a 1 v^i 14" » T2 
DSCHG 2 2.60 0.70 4.50 2.69 
TURB 5 14.60 10.00 21.00 4.16 
TPM 5 22.28 8.10 44.00 14.18 
0PM 5 6.66 1.90 11.70 4.19 
IPM 5 15.62 6.20 33.80 11.29 
COND 5 593.00 460.00 715.00 105.21 
TALK 5 256.00 196.00 298.00 38.91 
THARD 5 316.00 230.00 406.00 66.48 
TPHOS 5 0.19 0.11 0.33 0.08 
TN 0 
IN 0 
TKJEL 0 
• • • • 
DSCHG=discharge (1/s) TURB=turbidity (NTU), T?M=total 
suspended particulate matter (mg/1) OPM=organic suspended 
particulate matter (mg/1), IPM=inorganic suspended particulate 
matter (mg/1), COND=specific conductance (umho/cm), TALK=total 
alkalinity (mg/1 as CaCO^), THARD=total hardness (mg/1 
as CaCOg), TPHOS=total phosphorus (mg/1), TKJEL=total 
Kjeldahl nitrogen (mg/1 organic + ammonia nitrogen), IN= 
inorganic nitrogen (mg/1), TN=total nitrogen (mg/1 TKJEL + IN) 
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TABLE 11. Summary statistics for selected stream physical 
and chemical parameters for the period 11 
February 1981 to 19 March 1982 (after selection 
of new sites) 
Variable N Mean Minimum Maximum Standard 
Value Value Deviation 
DSCHG 2 108.05 4.00 212.10 147.15 
TURB 4 39.50 0.00 57.00 26.66 
TPM 4 641.42 92.70 1866.00 827.17 
0PM 4 71.85 15.40 217.00 97.04 
IPM 4 559.57 77.30 1649.00 731.63 
COND 4 301.25 200.00 410.00 99.86 
TALK 2 50.00 36.00 64.00 19.80 
THARD 2 84.00 60.00 108.00 33.94 
TPHOS 4 0.65 0.22 1.04 0.35 
TN 4 12.44 0.96 22.20 10.38 
IN 4 7.73 0.12 20.30 8.80 
TKJEL 4 4.72 0.84 13.50 5.90 
OX oeaiT JD 
DSCHG 15 96.81 8.40 835.10 212.40 
TURB 17 26.77 1.00 170.00 49.71 
TPM 16 502.42 0.70 4620.00 1167.96 
0PM 16 52 .54 0.60 392.00 103.45 
IPM 16 449.51 0.10 4228.00 1067.22 
COND 17 475.00 200.00 660.00 159.40 
TALK 12 268.17 76.00 350.00 91.67 
THARD 11 283.45 120.00 372.00 85.76 
TPHOS 17 0.33 0.00 1.87 0.51 
TN 17 3 .28 0.25 17.20 4.74 
IN 17 1.53 0.02 7.42 2.19 
TKJEL 17 1.75 0. 18 12.40 3.13 
• Dig —A """ 
DSCHG 15 110.11 4.80 821.80 213.93 
TURB 17 13.14 2.00 63.00 16.60 
TPM 17 88.44 0.90 1172.00 280.37 
0PM 17 16.45 0.80 188.00 44.54 
IPM 17 71.99 0. 10 984.00 235.87 
COND 17 572.71 199.00 930.00 215.93 
TALK 12 230.67 56.00 334.00 94.91 
THARD 11 330.55 92.00 486.00 125.73 
TPHOS 17 0.45 0. 14 1.52 0.37 
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TABLE 11 (continued) 
Variable N Mean Minimum Maximum Standard 
Value Value Deviation 
TN 15 5.13 0.73 19.40 • 5.41 
IN 16 3.18 0.02 17.50 4.18 
TKJEL 17 1.89 0.41 13.60 3.07 
oltc Dly"D 
DSCHG 15 172.54 0.00 1556.10 395.53 
TURB 17 30.51 1.80 120.00 37.95 
TPM 17 292.57 0.00 3075.00 749.55 
OPM 17 43.56 0.00 450.00 110.82 
IPM 17 249.11 0.00 2616.00 538.90 
COND 17 468.24 183.00 780.00 204.71 
TALK 11 187.27 44.00 278.00 77.99 
THARD 10 281.40 80.00 376.00 107.02 
TPHOS 17 0.42 0.06 1.80 0.46 
TN 17 4.65 0.75 16.00 4.15 
IN 17 2.40 0.02 6.35 2.22 
TKJEL 17 2.25 0.71 12.80 2.90 
• U09.X VaX 
DSCHG 15 145.41 0.10 941.00 254.94 
TURB 17 38.84 1.90 140.00 43.71 
TPM 17 451.01 2.10 3804.00 958.78 
OPM 17 49.71 1.20 368.00 92.64 
IPM 17 401.31 0.80 3436.00 877.80 
COND 17 596.18 227.00 820.00 208.23 
TALK 12 288.50 96.00 364.00 102.56 
THARD 11 382.35 120.00 488.00 125.55 
TPHOS 17 0.51 0.03 1.87 0.59 
TN 17 5.05 0.50 17.40 5.38 
IN 17 3.44 0.04 11.10 3.18 
TKJEL 17 2.60 0.29 12.50 3 .55 
oii-e noney 
DSCHG. 15 290.44 54.50 1150.00 321.47 
TURB 17 36.65 3.00 149.00 45.15 
TPM 17 213.46 2.30 1575.00 453 .55 
OPM 17 27.98 1.40 145.00 44.85 
IPM 17 185.50 0.10 1430.00 410.17 
COND 17 1435.76 340.00 3050.00 900.33 
TALK 12 242.17 92.00 330.00 85.73 
THARD 11 330.18 144.00 406.00 90.97 
TPHOS 17 2.01 0.75 3.07 0.59 
TN 17 6.55 2.09 12.60 2.54 
IN 17 3.30 0.92 6.13 1.81 
TKJEL 17 3.25 1.08 7.78 1.92 
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TABLE 11 (continued) 
Variable N Mean Minimum Maximum Standard 
Value Value Deviation 
Site=Honey Trib. 
DSCHG 15 4, 09 1.20 10.30 2.52 
TURB 17 28, ,39 0.90 223.00 66.96 
TPM 17 155. ,65 0.90 1834.00 460.69 
OPM 17 10. ,59 0.80 78.00 23.61 
IPM 17 145. ,06 0.00 1756.00 438.97 
COND 17 645. ,29 185.00 780.00 160.01 
TALK 12 344. 83 68.00 434.00 121.45 
THARD 11 354. 91 92.00 428.00 113.86 
TPHOS 17 0. 18 0.03 1.13 0.30 
TN 17 3. 17 0.61 16.50 3.77 
IN 17 2. 03 0.12 15.80 3.70 
TKJEL 17 1. 14 0.37 4.35 1.01 
- Site=Keigley 
DSCHG 14 346.59 11.50 2641.20 758.83 
TURB 16 26.95 4.00 85.00 23.25 
TPM 15 208.61 10.90 1624.00 410.90 
OPM 15 37.29 2.00 272.00 69.15 
IPM 15 170.91 8.90 1352.00 342.16 
COND 16 538.63 196.00 720.00 151.21 
TALK 12 202.83 52.00 278.00 77.64 
THARD 11 292.91 76.00 382.00 109.13 
TPHOS 16 0.34 0.03 1.32 0.41 
TN 16 6.70 0.49 24.40 7.63 
IN 16 4.24 0.01 21.00 6.49 
TKJEL 16 2.41 0.44 13.90 3.21 
Site=Onion-A 
DSCHG 5 139 .40 
TURB 6 15 .72 
TPM 6 242 .70 
OPM 6 38 .78 
IPM 6 203 .92 
COND 6 498 .00 
TALK 3 187 .33 
THARD 2 247 .00 
TPHOS 6 0 .96 
TN 6 9 .96 
IN 6 6 .17 
TKJEL 6 3 .77 
28.20 313.30 110. 19 
3.00 52.00 18. 44 
3.50 1404.00 568. 96 
1.90 216.00 86. 83 
1.60 1188.00 482. 13 
178.00 820.00 241. 06 
52.00 352.00 152. 14 
84.00 410.00 230. 52 
0.45 1.73 0. 47 
5.66 18.10 5. 01 
3.75 11.40 2. 77 
0.97 14.30 5. 20 
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TABLE 11 (continued) 
Variable N Mean Minimum Maximum Standard 
Value Value Deviation 
Site=Onion-B 
DSCHG 7 307 .63 2.60 828.90 299.32 
TURB 9 48 .69 3.80 140.00 46.72 
TPM 9 319 .17 4.00 2036.00 652.84 
0PM 9 46 .03 1.60 272.00 86.11 
IPM 9 273 .12 0.20 1764.00 566.90 
COND 9 384 .78 173.00 660.00 180.38 
TALK 5 162 .40 50.00 314.00 106.56 
THARD 4 211 .50 100.00 372.00 133.13 
TPHOS 9 0 .64 0.13 1.78 0.51 
TN 9 5 .82 0.77 20.10 5.81 
IN 9 2 .36 0.01 4.01 1.44 
TKJEL 9 3, .46 0.76 .16.10 4.88 
- Site=Walnut-A 
DSCHG 8 95, .80 6.70 351.90 117.56 
TURB 10 17, ,42 1.00 84.00 24.68 
TPM 10 49, ,70 0.80 361.30 110.67 
0PM 10 9, ,79 0.40 62.70 18.76 
IPM 10 40, ,00 0.10 298.70 92.28 
COND 10 644. ,30 151.00 980.00 267.22 
TALK 5 246. ,33 60.00 356.00 135.67 
THARD 5 290. ,40 84.00 440.00 171.53 
TPHOS 10 0. 91 0.09 2.07 0.63 
TN 10 9. 09 1.26 19.30 4.64 
IN 10 6. 17 0.69 17.90 5.20 
TKJEL 10 2. 91 0.57 7.22 2.75 
- Site=Walnut-B 
DSCHG 16 101. 64 0.10 1008.40 255.81 
TURB 18 17. 93 1.80 84.00 27.17 
TPM 18 141. 95 1.60 1192.00 352.14 
0PM 18 16. 67 0.40 140.00 35.14 
IPM 18 125. 23 0.10 1052.00 318.72 
COND 18 611. 17 172.00 880.00 184.29 
TALK 12 229. 17 60.00 324.00 84.46 
THARD 11 301. 09 84.00 442.00 107.87 
TPHOS 18 0. 44 0.09 1.71 0.41 
TN 18 6. 53 0.95 16.00 4.95 
IN 18 4. 51 0.02 12.90 4.22 
TKJEL 18 2. 02 0.78 8.69 2.16 
DSCHG=discharge (1/s) TURB=turbidity (NTU), TPM=total 
suspended particulate matter (mg/l) OPM=organic suspended 
particulate matter (mg/l), IPM=inorganic suspended particulate 
matter (mg/l), COND=specific conductance (umho/cm), TALK=total 
alkalinity (mg/l as CaCO^), THARD=total hardness (mg/l 
as CaCOg), TPHOS=total phosphorus (mg/l), TKJEL=total 
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TABLE 11 (continued) 
Kjeldahl nitrogen (mg/1 organic + ammonia nitrogen), IN= 
inorganic nitrogen (mg/1), TN=total nitrogen (mg/1 TKJEL + IN) 
Bear-B and Coal Valley transported the highest mean 
total suspended matter (inorganic plus organic) 
concentrations (Table 11). Honey Creek (Figure 4) received 
secondary treated domestic sewage from a community of 
greater than 12,000 residents, approximately 4 km upstream 
from the sampling location (ca. 4,000,000 1/day). This 
source of contamination was reflected by extremely high mean 
values of total phosphorus (2.01 mg/1) and specific 
conductance (1435 micromhos/cm). Honey Trib., the smallest 
watershed studied, had the lowest mean nutrient 
concentrations among all sites. This small watershed also 
had the greatest proportion of land area in woodland (ca. 
38%). Nutrient and suspended loads at the other sites were 
more similar and in relatively high concentrations (Table 
1 1 ) .  
The percent length of "disturbed riparian areas" 
(defined as the sum of the upstream length segments of 
heavily grazed riparian pasture, heavily grazed timber 
pasture and lengths of denuded riparian areas divided by the 
total upstream length in meters) was associated with 
concentations of mean organic (r = 0.84, P < 0.01), 
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FIGURE 10. Spring - fall 1981 discharge profiles for each 
site (A-H) 
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inorganic (r = 0.75, P < 0.05), total (r = 0.77, P < 0.05), 
and maximum total particulate matter (r = 0.71, P < 0.05) 
among the eight sites. In addition, an index of water • 
quality (defined as the cube root of the product of the 
maximum concentrations of total suspended particulate 
matter, total nitrogen and total phosphorus at each site) 
was also associated with high percentages of disturbed 
riparian segment lengths among sites (r = 0.77, P < 0.05). 
Analysis of variance among sampling periods of eleven 
physical and chemical parameters revealed site effects for 
only specific conductance (F = 12.95 with 7 df, P < 0.0001), 
total phosphorus concentrations (F = 25.15 with 7 df, P < 
0.0001), and total alkalinity (F = 3.45 with 7 df, P = 
0.0027). Further analysis of the means using Duncan's 
multiple range test indicated only Honey Cr. had 
significantly higher specific conductance (1436 vs. 558 
micromhos, mean of other sites) and total phosphorus 
concentrations (2.01 vs. 0.38 mg/1, mean of other sites). 
Honey Trib., Coal Valley, and Bear-B had higher mean 
alkalinity values (300 mg/1) compared with all other sites 
(218 mg/1). 
Many water quality parameters measured were 
significantly correlated with stream discharge at each site, 
particularly suspended particulate matter and phosphorus 
(Table 12). However, notable exceptions occurred. Nitrogen 
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forms generally were not correlated with discharge. Honey 
Cr. demonstrated a negative correlation between total 
phosphorus and discharge (Table 12). The major source of 
phosphorus in Honey Creek was undoubtedly from treated 
sewage. Therefore, high flows tended to dilute this 
relatively constant input. 
Temperature regimes among sites were highly variable 
over an annual period (Figures 11-13, Tables 13-15). 
Although late fall to early spring comparisons of three 
sites do not reveal major temperature differences (Table 
13), a difference of nearly 100 degree days is notable for 
the winter period (Figure 11). The development of a partial 
leaf canopy in early spring may be responsible for the lower 
accumulated temperatures observed at Bear-B during this 
period. 
Temperature regimes during early spring through late 
summer however are quite distinctive (Figure 12, Table 14). 
The five warmer stream sites (mean temp.=20.2 C, degree day 
mean=2474) are all open to partially shaded compared with 
the three densely shaded streams (mean temp.=17.5 C, degree 
day mean=2130). Furthermore, extremely warm maximum 
temperatures were observed at these five sites (33-38 C) 
compared with the other three sites (28-29 C) . During this 
period, the variable Degree Days was highly correlated with 
percent solar radiation among sites (r = 0.87, P < 0.01) and 
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TABLE 12. Discharge correlations with selected parameters 
for permanently flowing stream sites from 20 
March 1981 to 19 March 1982 (if p = * then P < 
0.05, if P = **, then P < 0.01) 
TURB TPM 0PM IPM COND TALK THARD TPHOS TKJEL IN TN 
Bear-B 
r .50 .56 .72 .55 -.78 -.37 -.73 .87 .84 .59 .55 
P * * *  * * *  * *  NS * * *  * *  *  *  *  
N 15 14 14 14 15 10 9 15 15 15 15 
Big-A 
r .84 .58 .60 .70 -. 52 -.82 .53 .57 .24 .43 .43 
P *  *  * *  *  * *  *  ** NS * NS NS NS 
N 15 15 15 15 15 10 9 15 15 14 14 
Big-B 
r .59 .95 .93 .95 -.SO­.02 .25 .84 .23 .27 .28 
P * *  * *  * *  * *  NS NS NS * *  NS NS NS 
N 15 15 15 15 15 9 8 15 15 15 15 
Walnut-B 
r .59 .70 .54 .71 -.48 .13 .39 .30 .14 .54 .54 
P * *  * *  * *  * *  NS NS NS NS NS *  *  
N 15 15 15 15 15 10 9 15 16 15 16 
Coal Valley 
r .89 .96 .92 .97 -.72 .97 -.28 .73 .54 .50 .53 
P * *  * * * *  * *  * *  ** NS * *  *  *  *  
N 15 15 15 15 15 10 9 15 15 15 15 
Honey 
r .95 .93 .89 .94 .58 -.89 .45 • -.57 -.24 -.33 -.38 
P * *  * *  * *  * *  * * ** NS *  NS NS NS 
N 15 15 15 15 15 10 9 15 15 15 15 
Honey Trib. 
r .54 .41 .38 .41 -.75 -.53 .34 .52 .30 .59 .53 
P *  NS NS NS * *  *  NS *  NS *  *  
N 15 15 15 15 15 10 9 15 15 15 15 
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TABLE 12 (continued) 
TURB TPM 0PM IPM COND TALK THARD TPHOS TKJEL IN TN 
Keigley 
R .86 .78 .86 .76 -.65 .26 .31 .57 .38 .82 .81 
P * *  ** * *  * *  •k NS NS *  NS * *  * *  
N 14 13 13 13 14 10 9 14 14 14 14 
TURB=turbidity (NTU), TPiyi=total suspended particulate matter 
(mg/1) OPM=organic suspended particulate matter (mg/1), IPM= 
inorganic suspended particulate matter (mg/1), COND=specific 
conductance (umho/cm), TALK=total alkalinity (mg/1 as CaCO^), 
THARD=total hardness (mg/1 as CaCO^), TPHOS=total phosphorus 
(mg/1), TKJEL=total Kjeldahl nitrogen (mg/1 organic + ammonia 
nitrogen), IN=inorganic nitrogen (mg/1), TN=total nitrogen 
(mg/1 TKJEL + IN) 
percent shade conditions (r = -0.82, P < 0.01). In 
addition, the warm water sites were positively associated 
with sandy bottoms (percent sand x degree days: r = 0.74, P 
< 0.05) and negatively correlated with gravel substrates 
(percent gravel x dègree days: r = -0.78, P < 0.05). 
This temperature dichotomy is greatly ameliorated 
during the late summer to late fall period (Figure 13, Table 
15). Only Honey Trib. (mean temp.=10.9 C, degree days=1096) 
greatly differed from the other stream sites (mean 
temp.=12.7 C, degree day mean=1324). 
Dissolved oxygen percent saturation statistics are 
presented in Table 15. Mean saturation values among sites 
generally overlaped, however major differences between 
minimum and maximum values characterized certain sites. In 
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FIGURE 13. Summer - winter (series III) degree days by site 
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TABLE 13. Temperature summary statistics covering the 
period from 8 November 1980 to 19 April 1981 
(this period corresponds closely to decomposition 
series I) 
Variable N Mean Minimum Maximum 
Value Value 
Site=Bear-B 
Mean Temp 9 5.5 
Min Temp 9 1.5 
Max Temp 9 9.5 
Site=Big-A 
Mean Temp 9 5.9 
Min Temp 9 1.5 
Max Temp 9 10.1 
Site=Big-B 
0.1 13.1 
0.1 4.4 
0.1 21.7 
0.1 12.2 
0.1 4.4 
0.1 21.1 
Mean Temp 8 5.5 0 13.9 
Min Temp 8 1.2 0 3.9 
Max Temp 8 11.9 0 24.4 
addition, extremely low nocturnal minimum concentrations 
were observed during midsummer at Big-A (0.8 mg/1) and Big-B 
(1.5 mg/1). In general, high maximum dissolved oxygen 
saturation values are also associated with low minimum 
saturation values (maximum saturation x minimum saturation: 
r = -0.76, P < 0.05). 
Maximum diurnal dissolved oxygen fluxes appear to be 
site specific (Figure 14). The open canopy sites, Big-A and 
Big-B demonstrated much greater maximum saturation fluxes 
than the partially shaded sites Honey Cr., Bear-B, and 
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TABLE 14. Temperature summary statistics covering the 
period from 19 April 1981 to 10 August 1981 (this 
period corresponds to decomposition series II) 
Variable N 
Mean Temp 10 
Min Temp 10 
Max Temp 10 
Mean Temp 10 
Min Temp 10 
Max Temp 10 
Mean Temp 8 
Min Temp 8 
Max Temp 8 
Mean Temp 10 
Min Temp 10 
Max Temp 10 
Mean Temp 10 
Min Temp 10 
Max Temp 10 
Mean Temp 10 
Min Temp 10 
Max Temp 10 
Mean Temp 10 
Min Temp 10 
Max Temp 10 
Mean 
Site=Bear-B 
2 0 . 0  
11.5 
28.3 
Site=Big-A -
19.7 
1 0 . 6  
28.7 
Site=Big-B -
21.2 
1 1 . 0  
31.4 
Site=Coal Valley 
17.0 
11.7 
22.3 
Minimum 
Value 
.Maximum 
Value 
Site=Keigley 
21.1 
10.4 
31.7 
13.1 
3.9 
21.7 
1 2 . 2  
3.3 
2 1 . 1  
13.9 
3.9 
23.9 
12.5 
4.4 
16.7 
Site=Honey 
19.2 12.8 
10.8 4.4 
27.5 21.1 
Site=Honey Trib. 
17.8 11.4 
11.3 2.8 
24.0 18.3 
13.6 
3.3 
2 2 . 2  
26.1 
17.8 
34.4 
26.7 
17.8 
35.6 
28.3 
19.4 
37.2 
22.5 
16.7 
28.3 
25.3 
17.8 
33". 3 
2 2 . 8  
18.9 
28.3 
2 8 . 6  
18.9 
38.3 
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TABLE 14 (continued) 
Variable N Mean Minimum 
Value 
Maximum 
Value 
Site=Walnut-B 
Mean Temp 10 
Min Temp 10 
Max Temp 10 
17.6 
1 1 . 6  
23. 6 
12.5 
5.1 
17.8 
22.5 
17.0 
28.9 
Walnut-B. The densely shaded Honey Trib. and Coal Valley 
sites demonstrated extremely low diurnal oxygen fluxes. 
Keigley, an open canopy site, demonstrated relatively minor 
diurnal oxygen fluxes, however light levels during the 
sampling periods were much reduced (Table 16). 
were monitored over three time periods (series) at 
eight sites. Series I comprised the fall-spring sampling 
period (7 November 1980 - 24 April 1981), series II covered 
the spring-summer period (19 April - 10 August 1981), and 
series III continued throughout the late summer to late fall 
(26 August - 10 December 1981). Each series was comprised 
of four instream exposures for each leaf type. Series I 
exposures were 29, 57, 126, and 168 days in duration; series 
II packs remained 25, 52, 71, and 113 days; whereas series 
III packs were collected 18, 64, 89, and 114 days after 
initial placement at each stream site. 
Decomposition 
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TABLE 15. Temperature statistics covering the peiod from 26 
August 1981 to 18 December 1981 (this period 
corresponds to decomposition series III) 
Variable N 
Mean Temp 
Min Temp 
Max Temp 
Mean Temp 
Min Temp 
Max Temp 
Mean Temp 
Min Temp 
Max Temp 
5 
5 
6 
5 
5 
6 
6 
5 
5 
Mean 
Site=Bear-B 
12.5 
5.5 
19.4 
Site=Big-A 
12.5 
4.6 
20.3 
Site=Big-B 
1 2 . 8  
5.9 
19.5 
Minimum •Maximum 
Value Value 
2.3 22.8 
0.1 15.6 
4.4 30.0 
4.0 21.1 
0.1 13.3 
7.8 28.9 
2.9 
0.1 
5.6 
23.4 
15.7 
30.0 
Mean Temp 
Min Temp 
Max Temp 
Mean Temp 
Min Temp 
Max Temp 
Mean Temp 
Min Temp 
Max Temp 
Mean Temp 
Min Temp 
Max Temp 
5 
5 
5 
5 
5 
5 
5 
5 
5 
Site=Coal Valley 
13.5 
7.1 
17.9 
Site=Keigley 
13.9 
4.9 
2 2 . 8  
3.9 
1.1 
5.7 
Site=Honey 
11.7 4.2 
4.9 0.1 
18.5 8.3 
Site=Honey Trib. 
10.9 2.9 
4.5 0.1 
16.9 5.5 
3.4 
0.1 
6.7 
22.0 
15.6 
28.3 
2 0 . 8  
14.4 
27:2 
19.7 
13.3 
25.6 
24.4 
14.4 
34.4 
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TABLE 15 (continued) 
Variable N Mean Minimum 
Value 
Maximum 
Value 
Site=Walnut-B 
Mean Temp 
Min Temp 
Max Temp 
6 
6 
6 
12.2 
6 . 1  
1 8 . 2  
2.3 
0.1 
4.4 
21.7 
16.7 
26.7 
Results indicated in general, that corn leaves 
decomposed faster than maple leaves. Furthermore, there 
were specific site and seasonal differences in the rates of 
detrital processing of each of these substrate types. These 
rate differences among sites and seasons were attributed to 
invertebrate shredding activity, temperature differences, 
sedimentation effects, flow interruptions, freezing effects 
and periphyton accumulations. 
Decomposition profiles of experimental maple and corn 
leaf substrates for all sites and series are presented in 
Figures 15-17. Analysis of variance results for leaf 
percent dry weight of the three decomposition series are 
listed in Tables 17-19. In all cases, the effects of site, 
days, the interaction of days within site and leaf type 
within site are highly significant. In series II and III, 
the effect of leaf type is also highly significant. 
In general, the effect of days among sites is 
graphically displayed as characteristic decay curves 
(Figures 15-17). The effect of site on decomposition rates 
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TABLE 16. Diurnal dissolved oxygen percent saturation 
summary statistics and solar radiation values 
(Langleys per day) 
Percent Saturation • Solar 
Site Date Mean Min Max Radiation 
Bear-B 9 Jul 81 92.5 90.0 96.0 632 
8 Aug 81 88.3 66.0 123.0 519 
9 Aug 81 87.1 65.0 131.0 503 
9 Nov 81 114.9 90.0 159.0 215 
Big-B 20 Jul 81 74.2 17.0 175.0 576 
26 Nov 81 92.7 81.0 111.0 97 
27 Nov 81 105.0 90.0 131.0 116 
Big-A 11 Jul 81 78.5 10.0 167.0 478 
25 Aug 81 79.1 28.0 183.0 333 
26 Aug 81 56.1 23.0 127.0 117 
6 Nov 81 90.7 72.0 135.0 228 
7 Nov 81 88.4 71.0 129.0 225 
13 Apr 82 101.5 85.0 132.0 494 
Coal V. 18 Jul 81 70.8 67.0 78.0 284 
11 Nov 81 94.8 90.0 102.0 198 
Honey 14 Jul 81 82.7 61.0 119.0 608 
18 Nov 81 70.5 50.0 136.0 109 
Honey T. 16 Jul 81 77.8 74.0 82.0 409 
24 Nov 81 92.8 88.0 102.0 62 
Keigley 30 Jul 81 68.5 57.0 86.0 55 
1 Dec 81 97.5 87.0 110.0 28 
Walnut-B 11 Aug 81 88.2 72.0 115.0 646 
29 Nov 81 112.7 95.0 144.0 60 
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FIGURE 14. Maximum summer (1981) dissolved oxygen 
saturation fluctuations observed over diurnal 
sampling periods (BGB=Big-B, BGA=Big-A, 
HNY=Honey, BRB=Bear-B, WTB=Walnut-B, 
KLY=Keigley, HYT=Honey Trib., CLV=Coal Valley) 
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FIGURE 15. Series I (7 November 1980 - 24 April 1981) 
decomposition profiles by site and leaf type (A-
F) 
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FIGURE 16. Series II (19 April - 10 August 1981) 
decomposition profiles by site and leaf type (A-
H: Maple = closed squares. Corn = open squares) 
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FIGURE 17. Series III (25 August - 10 December 1981) 
decomposition profiles by site and leaf type (A-
H: Maple = closed squares. Corn = open squares) 
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TABLE 17. Decomposition series I analysis of variance for 
leaf percent dry weight 
R2 = 0.88 
MEAN SQUARE: ; MODEL = 2800.75 ERROR = 92, .69 
Source DF F PR>F 
MODEL : 17 30.22 0.0001 
Site 2 20.71 0.0001 
Days 4 104.89 0.0001 
Leaf 1 0.01 0.9094 
Days(Site) 8 4.86 0.0001 
Leaf(Site) 2 6.90 0.0018 
ERROR 70 
TABLE 18. Decomposition series II analysis of variance for 
leaf percent dry weight 
= 0.97 
MEAN SQUARE:MODEL = 6275.57 ERROR = 56.40 
Source DF F PR>F 
MODEL ; 47 111, .26 0. 0001 
Site 7 42, .56 0. 0001 
Days 4 1104. 89 0. 0001 
Leaf 1 197, 44 0. 0001 
Days(Site) 28 10. ,27 0. 0001 
Leaf(Site) 7 3. ,72 0. 0009 
ERROR 185 
of the two substrates was further analyzed and displayed in 
Tables 20-22. In series I (Table 20), the wooded riparian 
site, Bear-B processed leaf substrates significantly faster 
than the two open canopy sites. However, Big-B was frozen 
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TABLE 19. Decomposition series III analysis of variance for 
leaf percent dry weight 
R2 = 0.95 
MEAN SQUARE:MODEL = 4098.89 ERROR = 49.15 
Source DF F PR>F 
MODEL: 47 83.39 0.0001 
Site 7 12.09 0.0001 
Days 4 900.20 0.0001 
Leaf 1 108.78 0.0001 
Days(Site) 28 3.32 0.0001 
Leaf(Site) 7 4.57 0.0001 
ERROR 187 
solid for approximately a six week period (beginning 
December 19), and packs at Big-A were partially covered by 
sediment. 
TABLE 20. Percent dry weight leaf means for decomposition 
series I, Duncan's multiple range test, and T-
test of significance (means with the same group 
number are not significantly different, P < 0.05) 
Combined Leaf Means Means by Leaf Type T-test 
Site Group N Means Maple Corn Significance 
Big-B 1 29 85.9 87.9 85.8 No 
Big—A 2 29 75.5 78.0 74.9 No 
Bear-B 3 30 70.9 65.4 75.4 No 
In series II (Table 21) eight sites were placed into 
four significantly different groups based on their rates of 
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TABLE 21. Percent dry weight leaf means for decomposition 
series II, Duncan's multiple range test and T-
test of significance (means with the same group 
number are not significantly different, P < 0.05) 
Combined Leaf Means Means by Leaf Type T-test 
Site Group N Means Maple Corn Signifi 
Big-B 1 27 60. 8 68. 2 54. 9 Yes 
Keigley 2 29 52. 1 57. 0 45. 8 Yes 
Bear-B 2 29 48. 7 51. 9 45. 5 Yes 
Big-A 3 30 43. 6 53. 9 33. 3 Yes 
Walnut-B 3 30 42. 9 52. 1 33. 8 Yes 
Honey 3 30 40. 9 49. 8 32. 0 Yes 
Coal Valley 4 30 34. 0 40. 9 27. 0 Yes 
Honey Trib. 4 29 33. 2 40. 8 25. 1 Yes 
TABLE 22. Percent dry weight leaf means for decomposition 
series III, Duncan's multiple range test, and T-
test of significance (means with the same group 
number are not significantly different, P < 0.05) 
Combined Leaf Means Means by Leaf Type T-test 
Site Group N Means Maple Corn Significance 
Coal Valley 1 30 55.1 57.9 52.3 Yes 
Keigley 1 25 54.7 57.8 51.4 Yes 
Honey Trib. 1 30 52.9 52.5 53.3 No 
Bear-B 2 30 47.2 51.9 42.5 Yes 
Big-A 2 30 45.5 52.7 40.4 Yes 
Honey 2 30 45.5 52.0 39.3 Yes 
Walnut-B 2 30 44.5 53.1 36.1 Yes 
Big-B 2 30 44.6 50.4 38.8 Yes 
leaf breakdown. The fastest leaf processing sites (Coal 
Valley and Honey Trib.) were characterized as densely 
wooded riparian. Slower sites were partially wooded (Honey, 
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Walnut-B and Bear-B) or open (Big-A, Keigley, and Big-B). 
Big-B flowed intermittently for a short interval during the 
decomposition period (first week of May) which delayed • 
decomposition. In all cases, corn leaves decomposed .faster 
than maple leaves. 
Rates of experimental leaf decomposition during series 
II were associated with several measured physical and 
biological variables among sites. Percent decomposition 
(defined as 100 - percent mean leaf dry weight remaining 
after stream exposure for maple and corn leaf substrates 
combined) was negatively associated with degree days (r = 
•0.88, P < 0.01), percent solar radiation (r = -0.83, P < 
0.01 ), percent sand substrate (r = -0.87, P < 0.01), and 
percent row crop area among watersheds (r = -0.71, P < 
0.05). A higher correlation between percent decomposition 
and percent row crop area is found if Honey Cr., a stream 
associated with high sewage loads, is omitted (r = -0.80, P 
< 0.05). 
Percent decomposition was positively correlated with' 
the number of riparian trees (r = 0.77, P < 0.05), shredder 
dry weight biomass per gram leaf weight (r = 0.69, P = 
0.05), and the proportion of shredder biomass relative to 
total invertebrate biomass associated with maple and corn 
leaf substrates combined (r = 0.71, P < 0.05). A slightly 
higher correlation was found for percent corn leaf 
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decomposition with percent shredder biomass relative to 
total invertebrate biomass associated with corn leaf 
substrates alone (r=0.79,P<0.05). 
In the late summer to late fall decomposition period 
(series III), the eight sites segregated into only two 
significantly different groups based on leaf decomposition 
rates (Table 22). Furthermore, the fast processing sites of 
series II (Honey Trib. and Coal Valley) were grouped in the 
slower processing group in series III. 
However, a large increase in periphytic algal growths 
on leaf substrates during the third and fourth exposures was 
observed which contributed to an increase in leaf pack 
weight during series III (Figure 17) and confounded 
decomposition analysis. A large corresponding increase in 
attached algal biomass was also noted during the final two 
exposures on concrete brick substrates (late November). The 
greatest algal biomass increase was observed at Honey Trib. 
and Coal Valley (212% and 381% of former levels 
respectively). 
Decomposition rate coefficients, k (percent weight 
loss per day), were calculated for experimental maple and 
corn leaf substrates based on conformance to the following 
exponential decay model: ln(%R/100)/t = -k; where In is 
the natural log function, %R is the percent leaf mass 
remaining after time, t in days (Olson 1963, Peterson and 
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Cummins 1974). Adjustments for temperature effects were 
made by selecting exposures with similar degree day history 
among the three decomposition series (Table 23). Thus,- the 
confounding effects of series III algal coatings are 
minimized because exposures prior to algal accumulations 
were used to determine the rate coefficients. 
TABLE 23. Decay rate coefficients for maple and corn leaf 
substrates from Iowa streams (DDAY=Degree days, 
BRB=Bear-B, BGA=Big-A, BGB=Big-B, CLV=Coal 
Valley, HNY=Honey, HYT=Honey Trib., WTB=Walnut-B, 
KLY=Keigley) 
SERIES I SERIES II SERIES III 
SITE DDAY MAPLE CORN DDAY MAPLE CORN DDAY MAPLE CORN 
BRB 745 .0131 .0055 947 .0157 .0170 1027 .0157 .0231 
BGA 785 .0043 .0124 935 .0162 .0342 987 .0139 .0247 
BGB 832 .0026 .0038 1032 .0055 .0103 999 .0177 .0348 
CLV - - - 770 .0345 .0524 967 .0115 .0156 
HNY - - - 897 .0194 .0572 1055 .0151 .0247 
HYT - - - 826 .0232 .0418 865 .0156 .0147 
WTB - - - 810 .0147 .0261 1044 .0118 .0259 
KLY - - - 978 .0128 .0187 1114 .0167 .0197 
Series I (November - April, 158 days exposure) rates 
(Table 23) were affected by sedimentation (Big-A) and 
freezing (Big-B). Series II (April - June, 52 days 
exposure) rates in general were faster than series III 
(August - October, 54 days exposure) except for an 
intermittent site (Big-B) and Keigley. Series III packs at 
Coal Valley were moderately sedimented which probably 
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affected the decomposition rate. On the average, corn 
substrates decomposed nearly twice as fast at a given site 
than maple leaves during series II and approximately 1.-5 
times faster during series III. 
Primary Production 
Suspended chlorophyll 
Suspended and attached chlorophyll measurements and 
diurnal oxygen curve analyses served as indices or estimates 
of primary production among the eight intensively studied 
sites. In general, the three types of measurements 
complemented each other. Sites which transported higher 
suspended chlorophyll also tended to have higher attached 
algal chlorophyll (biomass) and also higher rates of oxygen 
production and community respiration. Open canopy sites 
typically displayed the highest indices of primary 
production followed by partially shaded sites which 
demonstrated higher values than did densely shaded sites. 
Considering the relatively high nutrient loads in all 
streams studied, it appears that such streams are light, 
rather than nutrient, limited with respect to primary 
production. 
Suspended chlorophyll a concentrations varied among 
and especially within sites (Table 24). However, there was 
a close association among sites when percent silt substrate 
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conditions and maximum concentrations of suspended 
chlorophyll a were compared (r = 0.92, P = 0.0001). Very 
high within site suspended chlorophyll a concentration• 
variances among dates masked probable site effects. . 
However, in general, open canopy sites (e.g. Big-A, Keigley) 
demonstrated higher maximum concentrations than did densely 
shaded sites (Coal Valley, Honey Trib.). The intermittent 
flow condition of Big-B, an open site, during the spring 
probably affected mean chlorophyll transport. 
TABLE 24. Suspended chlorophyll a concentration (mg/m^) 
summary statistics 
8 August 1980 - 21 February 1981 
Site N Mean • S.D Min Max 
Big-A 8 12.33 14.65 1.87 42.99 
Walnut-B 3 9.27 3.57 6.01 13.08 
Big-B a  4.59 4.76 <1 14.95 
Bear-B 9 3.70 4.69 <1 14.95 
20 March 1981 - 2 December 1981 
Site N Mean S.D Min Max 
Big-A 10 8. 55 16.60 1.12 54.82 
Keigley 10 7.56 7.53 1.87 28.04 
Honey 10 7.27 6.40 <1 21.18 
Walnut-B 9 5.43 3.90 1.50 12.46 
Bear-B 10 5.36 5.65 <1 17.76 
Coal V .  9 5.02 4.96 <1 14.74 
Big-B 8 3.44 3.62 <1 9.97 
Honey T .  10 2. 11 1.18 <1 3.74 
75 
Attached algal biomass 
Analysis of variance statistics for attached algal 
biomass are listed in Table 25. The effects of site and the 
interaction of dates within site are highly significant. 
Comparisons of attached algal biomass among sites are 
presented in Table 26. The highest mean biomass was 
observed at Honey, the site receiving treated municipal 
sewage and transporting the highest phosphorus 
concentrations. The lowest biomass sites (Honey Trib. and 
Coal Valley) were densely shaded. Sites with intermediate 
levels of attached algal biomass were open (Big-A, Keigley) 
to partly shaded (Bear-B, Walnut-B). The mean ranking of 
Big-B, an open site, may have been influenced by 
intermittent flow conditions in early spring. 
TABLE 25. Analysis of variance statistics for attached 
algal biomass (mg/m^ chlorophyll a) from 
artificial substrates (4 May - 30 November 1981) 
R2 = 0.79 
MEAN SQUARE: MODEL = 19613.25 ERROR = 2830.30 
Source DF 
MODEL: 84 
Site 7 
Date(Site) 77 
ERROR 154 
F 
6.93 
20.38 
5.71 
PR>F 
0.0001 
0 .0001 
0 .0001 
Within site attached algae variation appears to be 
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(mg/m^ 
range test 
group number 
0.05) 
Site N Mean Group 
Honey 31 152.93 1 
Bear-B 23 53.08 2 
Big-A 33 52.72 2 
Walnut-B 26 50.46 2 
Keigley 35 49.07 2 
Big-B 26 27.40 2,3 
Honey Trib. 30 18.94 3 
Coal Valley 35 18.50 3 
explained by seasonal effects and discharge history (compare 
Figures 18 and 10). High variances associated with certain 
sampling dates and sites were attributed to partial 
sedimentation and shading of one or more of the concrete 
brick replicates. Analysis of variance for date effects 
were significant for each site except Walnut-B. Subsequent 
analyses of date effects within sites by Duncan's multiple 
range test resulted in several patterns of significant 
groupings. Bear-B and Coal Valley sites demonstrated 
significant biomass peaks in the fall whereas Honey and 
Keigley demonstrated spring peaks. Big-A demonstrated 
significant biomass peaks during both spring and fall. 
Attached algal biomass was low and variable for Honey 
Trib. although significant peaks occurred in the spring (18 
May), late summer (24 August), and fall (12 November). 
TABLE 26. Site means of attached algal biomass 
chlorophyll a) and Duncan's multiple 
of significance (means with the same 
are not significantly different, P < 
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FIGURE 18. Attached algal biomass (mg/m^ chlorophyll a) 
profiles for each site (A-H) 
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Although Big-B displayed highly variable attached biomass 
conditions during spring and summer, a significant fall 
increase occurred. The intermittent and pulsed flow 
conditions of Big-B during the spring and summer may.have 
affected algal attachment. A similar discharge history may 
have affected attached algae at Walnut-B. 
Open sites generally formed filamentous algal mats 
(Cladophora) in slack water reaches along stream margins 
during spring and summer periods. The development of these 
formations was greatest at Big-B during midsummer. In 
addition, Big-A was characterized by extensive and dense 
macrophyte beds (predominantly Potamogeton pectinatus) 
during the summer. 
Diurnal oxygen curve analyses 
Estimates of gross primary production and community 
respiration were calculated using the diurnal dissolved 
oxygen curve method. Results for each site and sampling 
period are summarized in Table 27. Honey Trib. was not 
included in the analyses because mean depths for this site 
were below minimum requirements for diffusion calculations. 
Gross summertime primary production ranged from 0.02 g 
Og/mZ/day at Bear-B during a summer storm runoff event to 
55.8 g Og/m^/day at Big-A, an open canopy site 
characterized by extensive macrophyte beds. 
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TABLE 27. Gross primary production (GPRM2), community 
respiration (GRSM2), P/R ratios and accumulated 
solar radiation (Langleys/day) values (BRB=Bear~ 
B, BGA=Big-A, BGB=Big-B, CLV=Coal Valley, 
HNY=Honey, KLY=Keigley, WTB=Walnut-B) 
SITE DATE GPRM2 GRSM2 P/R LANGLEYS 
(g O./mZ/day) 
BRB 070981 0.02 2.09 0.01 632 
BRB 080881 8.24 13.04 0.53 519 
BRB 080981 11.15 15.93 0.66 503 
BRB 110981 10.64 1.88 5.65 215 
BGA 071181 55.78 67.65 0.82 478 
BGA 082581 31.23 41.54 0.75 333 
BGA 082681 16.77 39.23 0.43 117 
BGA 110681 7.19 10.62 0.68 228 
BGA 110781 7.16 12.50 0.57 225 
BGA 041382 6.68 5.12 1.30 494 
BGB 072081 19.01 27.08 0.70 576 
BGB 112681 2.04 3.80 0.54 97 
BGB 112781 3.89 1.77 2.20 115 
CLV 071881 2.33 26.51 0.09 284 
CLV 111181 1.69 4.47 0.38 198 
HNY 071481 16.29 28.24 0.58 608 
HNY 111881 16.81 45.82 0.36 109 
KLY 073081 4.80 41.05 0.12 55 
KLY 120181 8.53 10.74 0.79 28 
WTB 081181 4.39 8.74 0.50 545 
WTB 112981 7.09 0.78 9.09 60 
Relatively high summertime values of primary 
production were also found at Big-B, an open canopy flow 
interrupted site, and Honey, a stream receiving secondary ' 
treated sewage effluent. Relatively low summertime primary 
production values (2.3 - 4.8 g O^/m^/day) were found at 
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shaded sites (Coal Valley and Walnut-B) and at Keigley, an 
open canopy site. Solar radiation, however, was extremely 
reduced during monitoring periods at Keigley by heavy cloud 
cover which may have quantitatively influenced primary 
production at this site. 
High community respiration values (R) were found at 
those sites displaying high values of primary production 
(Table 27). In addition, high values were also found at 
Coal Valley and Keigley. Although high summertime primary 
production (P) characterized certain sites, the P/R ratio 
did not exceed 0.8. However, the P/R ratio during the fall 
exceeded 1.0 at Bear-B, Big-A, Big-B, and Walnut-B. Sites 
with fall P/R ratios less than 1.0 were densely shaded (Coal 
Valley), sewage impacted (Honey) or monitored under heavy 
cloud cover (Keigley). 
A T-test was performed to determine seasonal effects 
for primary production, community respiration and the P/R 
ratio. Among sites, primary production was not 
significantly different in the summertime compared with the 
fall season (T = -1.44, P = 0.17). P/R ratios among sites 
were also not significantly different on a seasonal basis (T 
= 1.75, P = 0.12). However, a large mean seasonal 
difference within two open canopy sites was noted. The mean 
summer primary production rate at Big-A was 27.4 g 
O^/m^/day greater than the fall mean rate. The summer 
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rate at Big-B was 16.0 g O^/m^/day greater than the mean 
fall rate. Mean summer respiration rates (25.4 g 
O^/m^/day) were significantly greater than fall rates • 
(10.4 g O^/m^/day) among sites (T = -2.13, P < 0.05). 
The cumulative amount of solar radiation available 
(Langleys/day) during sampling periods (measured in Ames, 
Iowa) was not significantly correlated with rates of primary 
production or respiration among sites. However, mean 
summertime primary production rates correlated strongly with 
mean midsummer instantaneous (microeinsteins) solar 
radiation among study sites, if the primary production data 
from Keigley, (obtained under very dense cloud cover) were 
omitted (r = 0.92). 
Invertebrate Community Structure 
Invertebrate community structure was assessed using 
three sampling methodologies (experimental leaf packs, 
artificial substrates, and natural detritus accumulations). 
Components of community structure assessed were functional" 
group biomass, diversity, and density. These assessments 
allowed for comparisons among the eight sites, as well as 
investigations of seasonal and substrate effects. 
Invertebrate biomass at most sites was dominated by 
collectors although scrapers were occasionally important and 
shredders dominated the biomass at densely shaded sites. In 
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general, the invertebrate community reflected the probable 
dominant food resources at a given site. That is, shredders 
characterized sites receiving regular large accumulations of 
riparian leaves whereas collectors dominated sites which 
transported high loads of fine particulate organic matter. 
Scrapers characterized sites of high attached algal biomass. 
Diversity and density assessments revealed seasonal, 
substrate, and site effects. Among sites and substrate 
types, fall collections were more diverse than spring 
collections although densities were greater in springtime 
compared with fall collections. Natural detritus was more 
densely colonized by invertebrates than either experimental 
leaf packs or artificial substrates; however, no differences 
in diversity were evident between maple leaf packs and 
natural substrates. Although invertebrate diversity values 
reflected degraded water quality and/or habitat conditions 
among sites generally, a sewage impacted site (Honey Cr.) 
demonstrated significantly lower diversity and higher 
densities compared with all other sites. 
Functional group biomass 
A total of 52 invertebrate taxa were identified from 
all sample sites, dates, and methods, and placed into the 
functional group classification (Table 28). Colonization 
dynamics of experimental leaf packs by invertebrate groups 
are presented in Figures 19-21. In general, colonization of 
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both maple and corn leaf substrates by invertebrate groups 
appeared to be similar within a given site and decomposition 
series. 
Occasional disturbance of packs by raccoon activity or 
sediment deposition may have resulted in notable exceptions. 
Water level and ice conditions also influenced colonization 
during certain periods at some sites. During series I, Big-
B became entirely frozen by the second exposure. During 
series II, Big-B also suffered frequent low water conditions 
while Walnut-B exhibited very low conditions only prior to 
the second exposure. 
Total biomass was generally maximized by the first or 
second exposure period for series I and II (52 and 57 days) 
whereas maximum biomass for series III was usually delayed 
(89 days) until the third exposure (Figures 19-21). 
Collectors generally dominated the biomass among sites and 
dates, however shredders, and occasionally scrapers, became 
dominant at certain sites. Shredders became dominant on at 
least one date and pack type at Bear-B (series I, II, III)", 
Coal Valley (series II, III) and Honey Trib. (series II, 
III). Scrapers became dominant occasionally at Big-A 
(series I), Big-B (series I, II, III), Bear-B (series II), 
Coal Valley (series II), Honey Trib. (series II) and Walnut-
B (series II, III). 
Relative percentages of total invertebrate group 
84 
TABLE 28. Functional group classification of stream 
invertebrates from all sample sites, dates, and 
methods (experimental leaf packs, artificial 
substrates, natural detritus) 
COLLECTORS (20 Taxa) 
INSECTS NON-INSECTS 
COLEOPTERA: EPHEMEROPTERA: ANNELIDA: 
Elmidae Baetidae Lumbricidae 
Hydrophilidae Caenidae Oligochaeta 
(adults) Heptageniidae Planariidae 
COLLEMBOLA Leptophlebiidae NEMATODA 
DIPTERA; TRICHOPTERA: PELECYPODA: 
*Chi ronomidae Hydropsychidae Pisidiidae 
Culicidae Leptoceridae 
Psychodidae 
Simuliidae 
Atrichopocran 
ChrvsoDS *Exclusive of Tanypodinae 
PREDATORS (20 Taxa) 
INSECTS NON-INSECTS 
COLEOPTERA: ODONATA:- ANNELIDA: 
Dytiscidae Aeshnidae Erpobdellidae 
Gyrinidae Calopterygidae Glossiphoniidae 
Hydrophilidae Coenagrionidae COELENTERATA: 
(larvae) Libellulidae Hydra 
DIPTERA: PLECOPTERA: HYDRACARINA 
Ceratopogonidae Perlidae 
Dolichopodidae 
Empididae 
Muscidae 
Tabanidae 
Tanypodinae 
Dicranota 
Pilaria 
85 
TABLE 28 (continued) 
SHREDDERS (7 Taxa) 
DIPTERA: 
Tipula • 
LEPIDOPTERA: 
Pyralidae 
INSECTS 
PLECOPTERA: 
Allocapnia 
TRICHOPTERA: 
Anabolia 
Limnephilus 
NON-INSECTS 
AMPHIPODA: 
Hyalella 
ISOPODA: 
Asellus 
SCRAPERS (5 Taxa) 
COLEOPTERA: 
Dryopidae 
TRICHOPTERA: 
Hydroptila 
GASTROPODA: 
Planorbidae 
Lymnaea 
Physa 
biomass by site, leaf type and decomposition series are 
illustrated in Figures 22-24. Invertebrate biomass 
percentages were considered dominant if greater than 20 
percent of the total biomass was comprised by an 
invertebrate group for at least one leaf type at a given 
site. In series I, collectors dominated all three sites 
whereas scrapers made up significant biomass percentages for 
Big-A and Big-B. Shredder biomass was important at Bear-B 
during series I. 
Collectors also dominated the invertebrate biomass at 
all eight sites for series II and III. Scrapers comprised 
high biomass percentages at Coal Valley, Walnut-B , Keigley, 
and Big-B for both series II and III and in addition, 
scrapers comprised high biomass at Bear-B and Honey Trib. 
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FIGURE 19. -Series I functional group biomass by site (A-F) 
and leaf type (Total=closed circles, 
Collectors=open squares, Shredders=c1osed 
squares, Scrapers=open triangles, Predators=open 
circles) 
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FIGURE 20. Series II functional group biomass by site (A-P) 
and leaf type (Total=closed circles, . 
Collectors=open squares, Scrapers=open 
triangles. Shredders=closed squares. 
Predators=open circles) 
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FIGURE 21. Series III functional group biomass by site (A-
P) and leaf type (Total=closed circles, 
Collectors=open squares, Scrapers=open 
triangles. Shredders=closed squares. 
Predators=open circles) 
90 
MAPLE 
BIQ-A 200 
100 
50 
DAYS 
75 
EXPOSURE 
25 
K 
BIG-B 200 
g 150 
100 
25 50 
DAYS 
100 125 75 
EXPOSURE 
WALNUT-B 200 
100 
$ 50 
25 50 
DAYS 
100 125 75 
EXPOSURE 
0 
KEIQLEY 200 
01150 
100 
Î 50 
100 125 25 50 75 
DAYS EXPOSURE 
CORN 
J. 
BIQ-A 200 
100 
$ 50 
25 75 
DAYS EXPOSURE 
50 100 125 
L 
BIQ-8 :200 
100 
$ 50 
25 75 
DAYS EXPOSURE 
50 100 125 
N 
WALNUT" 200 
100 
25 50 
DAYS 
75 
EXPOSURE 
125 100 
P 
KEIQLEY 200 
0:150 
100 
$ 50 
25 50 
DAYS 
75 100 125 
EXPOSURE 
FICURE 21 (continued) 
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during series II. Shredders were co-dominant at Honey 
Trib., Coal Valley, and Honey during series II while Honey 
Trib. and Bear-B had high shredder biomass percentages • 
during series III. Predators co-dominated the biomass at 
four sites during series II (Bear-B, Coal Valley, Big-A, 
Big-B) and five sites during series III (Coal Valley, Bear-
B, Honey Trib., Big-A, Walnut-B). 
Invertebrate group biomass percentages for all 
sampling methods and dates combined (except series I) are 
illustrated in Figure 25. In descending order of relative 
percent; collectors dominated Honey, and were co-dominants 
with scrapers at Keigley, Big-A, Bear-B, Walnut-B, Big-B and 
Coal Valley. Scrapers were also co-dominants at Big-B, 
Walnut-B, Coal Valley, Bear-B, and Keigley. Shredders were 
dominants at Honey Trib. and- Coal Valley. Predators were 
considered co-dominant only at Big-A. 
Invertebrate biomass data (biomass/g leaf weight) for 
series II were selected to compare associations with 23 
physical, chemical and biological parameters. Several of 
these parameters correlated with invertebrate biomass for 
some groups. Percent rock conditions among sites were 
associated with total invertebrate biomass (r = 0.79, P < 
0.05) as well as scraper biomass (r = 0.74, P < 0.05). A 
much higher correlation resulted between percent rock 
conditions and scraper biomass if Honey Cr. was excluded (r 
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MAPLE CORN 
_ BEAR-B 628mg 
SHRED 28% 
SCRfiP 15% 
PRED 4% 
B. BEAR-B 512tng 
SHRED 47% SCRAP 12% 
PRED 3% 
COLL 53% 
COLL 38% 
Q _ BIG-A 283mg 
SCRAP 21% 
SHRED 10% 
PRED 12% 
D. BIG-A 199mg SCRfiP 17% 
SHRED 11% 
PRED 16V, 
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SCRAP 34% À M RED 16% 
SHRED 4% 
COLL 46% 
F. BIG-8 142mg 
SCRAP 42% 
SHRED 1% 
PRED-6% 
COLL 51% 
FIGURE 22. Experimental leaf pack series I functional group 
biomass percent breakdown by site (A-F) and leaf 
type 
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SCRAP 32% 
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FIGURE 23. Experimental leaf pack series II functional 
group biomass percent breakdown by site (A-P) 
and leaf type 
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FICURE 23 (continued) 
95 
MAPLE CORN 
A. BEAR-B 370mg 
SHPEO 12% SCRAP 
COLL 66% 
PRED 21% 
0 _ BEAR-B 201mg 
SHRED 28% 
SCRAP 10% 
COLL 54% 
C. COAL VALLEY 217mg 
PRED 36% 
SCRAP 23% 
SHRED ITi COLL 28% 
D. COAL VALLEY 177mg 
PRED 37% 
SHRED 16% 
COLL 30% 
E • HONEY 164mg 
SHRED 1?":^ 
PPED 
F. HONEY 347mg 
COLL ST; 
SHRED 0* 
SCPflP 3 
G. HONEY TRIB. 
SCRAP 12% 
SHRED 35' 
t36mg 
PPED 31' 
|-| ^  HONEY TRIB. 212mg 
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FIGURE 24. Experimental leaf pack series III functional 
group biomass percent breakdown by site (A-P) 
and leaf type 
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FIGURE 24 (continued) 
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A. 3052mg BEAR-B 
SCRfiP 33% 
PRED 13% 
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FIGURE 25- Total functional group biomass percent breakdown 
from all collection methods by site (A-H) 
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= 0.90, P < 0.01). Shredder biomass was highly associated 
with stream gradient (r = 0.97, r = 0.99 excluding Honey 
Cr., P < 0.001) and correlated with watershed area (r =• 
-0.71. P < 0.05). Collector biomass was highly associated 
with periphyton biomass of concrete substrates (r = 0.97, P 
< 0.001; excluding Honey Cr., r = 0.87, P < 0.01). 
Diversity 
Comparison of all sampling methods Invertebrate 
communities associated with experimental leaf packs, 
artificial substrates (multiplate riffle samplers) and 
natural detritus were analyzed and compared for mean 
differences in the number of taxa (richness) and the 
distribution of individuals among taxa (Shannon-Weiner 
diversity) for the intensively studied eight stream sites. 
Maple leaf packs were selected from exposure periods closely 
approximating retrieval dates of artificial substrates. 
An analysis of variance model for taxa richness is 
shown in Table 29. The effects of site and substrate type 
are highly significant although the effect of sampling date 
is not. The significant effect of the interaction between 
site and sampling date appears to be explained by substrate 
differences. 
A further analysis for site and substrate effects was 
performed using the Duncan's multiple range test and is 
shown in Table 30. Big-A, a small watershed open canopy 
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TABLE 29. Analysis of variance statistics for invertebrate 
taxa richness from all sampling methods 
r2 = 0.84 
MEAN SQUARE: MODEL = 27.71 ERROR = 2.52 
Source DF F PR>F 
MODEL 38 11.01 0.0001 
Site 7 32.70 0.0001 
Substr. 2 26.53 0.0001 
Date 2 0.24 0.7860 
Site(Substr) 14 5.22 0.0001 
Site(Date) 13 4.82 0.0001 
ERROR 115 
stream, and Keigley, a large watershed open canopy stream, 
displayed the highest taxa richness among sites whereas 
Honey, the sewage receiving stream, displayed the lowest 
richness. Among the three substrate types, natural detritus 
was associated with significantly more invertebrate taxa 
than either experimental leaf packs or artificial 
substrates. 
Somewhat different results were obtained for Shannon-
Weiner diversity (Tables 31 and 32). The effects of site,' 
substrate and date were all highly significant although 
analysis of site means by the Duncan's multiple range 
procedure resulted in diversity rankings similar to those of 
taxa richness. Keigley displayed significantly higher 
diversity than all other sites, whereas Big-A and Bear-B are 
ranked second highest. Honey again was ranked significantly 
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TABLE 30. Site and substrate means of invertebrate taxa 
richness and Duncan's multiple range test of 
significance (means with same group number are 
not significantly different, P < 0.05) 
N SITE MEAN GROUP 
15 Big-A 11.9 1 
14 Keigley 11.2 1 
15 Bear-B 9.9 2 
15 Coal Val. 8 . 7  2,3 
15 Big-B 8.7 2,3 
12 Walnut-B 8.2 3,4 
15 Honey Trib. 7.3 4 
15 Honey 4.3 5 
N SUBSTRATE MEAN GROUP 
24 Natural Detritus 10.8 1 
47 Maple Leaf Packs 8.4 2 
45 Artificial Substr. 8.0 2 
below all other sites. 
TABLE 31. Analysis of variance on Shannon-Weiner diversity 
data for site, substrate and date effects 
R 2  = 0 . 8 2  
MEAN SQUARE: MODEL = 0.849 ERROR = 0.091 
Source DF F PR>F 
MODEL 38 9 .37 0 .0001 
Site 7 23 .38 0 .0001 
Substrate 2 10, .18 0 .0001 
Date 2 20 .54 0 .0001 
Site(Substr.) 14 2, 59 0 .0041 
Site(Date) 13 7. 28 0 .0001 
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TABLE 32. Site, substrate, and date means of Shannon-Weiner 
diversity values and Duncan's multiple range test 
of significance (means with same group number are 
not significantly different, P < 0.05) 
N SITE MEAN GROUP 
14 Keigley 2.60 1 
15 Big-A 2.35 2 
15 Bear-B 2.15 2,3 
15 Big-B 2.04 3,4 
12 Walnut-B 1.99 3,4 
15 Coal Valley 1.99 3,4 
15 Honey Trib. 1.81 4 
15 Honey 1.31 5 
N SUBSTRATE MEAN GROUP 
47 Maple Leaves 2, .15 1 
24 Natural Detritus 2. 02 1,2 
45 Artificial Subst. 1, .89 2 
N DATE MEAN SUBSTRATE GROUP 
23 29 OCT 81 2.33 Maple L. 1 
21 27 OCT 81 2.13 Art. Sub. 2 
24 12 NOV 81 2.02 Nat. Det. 2 
24 15 MAY 81 1.99 Maple L. 2 
24 18 MAY 82 1.58 Art. Sub. 3 
Substrate effects, although significantly different, 
were not well-separated (Table 32). The effect of sampling 
date demonstrated a seasonal diversity phenomenon. Within a 
substrate category, October diversity for experimental leaf 
packs and artificial substrates was significantly greater 
than May diversity values. The single sampling date in 
November for natural detritus demonstrated an intermediate 
diversity condition. Within a given season, experimental 
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leaf pack diversity was significantly higher than artificial 
substrate diversity. 
Leaf pack substrates Invertebrate taxa richness and 
diversity of maple and corn leaf substrates were assessed 
over three exposure periods (26, 52, and 71 days) of the 
series II decomposition period (19 April - 10 August 1981). 
The leaf substrates were almost completely disintegrated by 
the fourth exposure period and therefore little colonizable 
habitat was available. 
An analysis of variance model for taxa richness is 
shown in Table 33. The effects of site, the number of days 
of exposure, and leaf type are all highly significant. A 
further analysis of the means for these variables is 
displayed in Table 34. Taxa richness was greatest at Bear-
B, a large wooded pasture site, and lowest at Honey, the 
sewage receiving site, and among leaf types and sampling 
dates. Among sites and leaf types, taxa richness was 
significantly different for each sampling period, declining 
with days of exposure. The number of taxa among all sites' 
and sampling periods was greater for maple compared with 
corn leaves. 
Invertebrate diversity patterns were similar to 
results obtaianed from taxa richness analysis. The effects 
of site, days, and leaf were also highly significant (Tables 
35 and 36). Diversity was highest for Bear-B and also for 
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TABLE 33. Analysis of variance statistics for invertebrate 
taxa richness from experimental maple and corn 
leaf substrates (series II, 19 April - 10 August 
1981) 
R2 = 0.79 
MEAN SQUARE: MODEL = 34.47 ERROR =2.82 
Source DF F PR>F 
MODEL 33 12.23 0.0001 
Site 7 35.02 0.0001 
Days 2 35.13 0.0001 
Leaf 1 13.14 0.0004 
Site(Days) 14 4.18 0.0001 
Site(Leaf) 7 1.18 0.3205 
Days(Leaf) 2 3.13 0.0477 
ERROR 107 
Keigley (a large watershed pastrue site) and lowest for 
Honey. Only two significant groupings resulted from the 
analyses of sampling period means. The second and third 
exposure periods were not significantly different. However, 
among all sites, maple leaf invertebrate diversity was 
significantly greater than corn leaf invertebrate diversity. 
Density 
Comparison of all sampling methods Density 
comparisons among sites, substrate types and sampling dates 
were performed for invertebrate total densities. Densities 
were standardized and expressed on a square-meter basis. 
The following factors, based on sampler area, were used for 
square meter conversions: artificial substrates (0.0442 m^) 
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TABLE 34. Taxa richness means for site, days, and leaf type 
(series II, maple and corn leaves) and Duncan's 
multiple range test of significance (means with 
same group number are not significantly 
different, P < 0.05) 
N SITE MEAN GROUP 
18 Bear-B 10.8 1 
18 Keigley 9.1 2 
18 Big-A 8.1 2,3 
18 Coal Valley 7.8 3 
18 Walnut-B 6.2 4 
15 Big-B 6.1 4 
18 Honey Trib. 5.6 4 
18 Honey 3.2 5 
N DAYS MEAN GROUP 
48 26 8.5 1 
45 52 7.4 2 
48 71 5.6 3 
N LEAF MEAN GROUP 
69 Maple 7.7 1 
72 Corn 6 ; 6 2 
= 22. 62; maple leaf packs (0.0056 m^ ) = 178.57; natural 
detritus (assume two times the area of maple packs) = 89.29 
The main effects of site, substrate type, and date are all 
highly significant as well as the interaction between site 
with substrate and site with date (Table 37). A further 
analysis of the means by Duncan's multiple range test 
revealed two distinct and two overlapping site groups (Table 
38). Honey had significantly higher densities than all 
others whereas Big-A and Keigley had higher densities than 
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TABLE 35. Analysis of variance statistics for Shannon-
Weiner diversity from series II maple and corn 
leaf substrates 
R2 =  0 .86  
MEAN SQUARE: MODEL =1.59 ERROR =0.08 
Source DF F PR>F 
MODEL 33 19.40 0.0001 
Site 7 55.83 0.0001 
Days 2 21.89 0.0001 
Leaf 1 19.89 0.0001 
Site(Days) 14 10.86 0.0001 
Days(Leaf) 2 1.02 0.3649 
ERROR 107 
TABLE 36. Series II site, .days and leaf means for Shannon-
Weiner diversity values and Duncan's multiple 
range test of significance (means with same group 
number are not significantly different, P < 0.05) 
N SITE MEAN GROUP 
18 Bear-B 2.25 1 
18 Keigley 2.17 1 
15 Big-B 1.84 2 
18 Coal Valley 1.84 2 
18 Walnut-B 1.71 2 
18 Big-A 1.69 2 
18 Honey Trib. 1.41 3 
18 Honey 0.62 4 
N DAYS MEAN GROUP 
48 26 1.91 1 
45 52 1.59 2 
48 71 1.56 2 
N LEAF MEAN GROUP 
69 Maple 1.80 1 
72 Corn 1.58 2 
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the remaining five sites. 
TABLE 37. Invertebrate density analysis of variance for 
site, substrate type (experimental maple leaf 
packs, artificial substrates, and natural . 
detritus), and sampling date effects 
= 0.91 
MEAN SQUARE: MODEL = 1362502230 ERROR = 64024558 
Source DF F PR>F 
MODEL 38 21 .28 0 .0001 
Site 7 12, .12 0 .0001 
Substrate 2 101, .02 0 .0001 
Date 2 39. 22 0 .0001 
Site(Substrate) 14 16. 50 0 .0001 
Site(Date) 13 16. 33 0 .0001 
ERROR 77 
Invertebrate densities among the three substrate types 
fell into three significantly different groups (Table 38). 
Invertebrates associated with natural detritus were found in 
the highest densities followed by maple leaf packs and 
artificial substrates. In addition, spring maple packs had 
densities comparable with fall natural detritus estimates 
although fall maple pack densities were much lower, with 
densities comparable to those of spring artificial 
substrates. 
Dominant invertebrates from all sampling methods 
The most frequently encountered invertebrate taxa for each 
sampling method are listed in Tables 39-43. Taxa were 
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TABLE 38. Invertebrate density means for site, substrate 
type and sampling date and Duncan's multiple 
range test of significance (means with same group 
number are not significantly different, P < 0.05) 
N SITE MEAN GROUP 
15 Honey 29639 1 
15 Big-A 21809 2 
14 Keigley 21389 2 
15 Big-B 14787 3 
12 Coal Valley 12909 3,4 
15 Bear-B 12529 3,4 
15 Walnut-B 10081 3,4 
15 Honey Trib. 7868 4 
N SUBSTRATE MEAN GROUP 
24 Natural Detritus 30868 1 
47 Maple Leaves 20699 2 
45 Artificial Substr. 4441 3 
N DATE MEAN SUBSTRATE GROUP 
24 12 Nov 81 30868 Nat. Det. 1 
24 15 May 81 30774 - Maple L. 1 
23 29 Oct 81 10186 Maple L. 2 
24 18 May 82 5578 Art. Sub. 2,3 
21 27 Oct 81 3142 Art. Sub. 3 
considered dominant if their densities exceeded 10% of the 
sampled invertebrate community for one or more exposure 
periods. Midges (Chironomidae excluding Tanypodinae) 
numerically dominated the collector assemblage at most 
sites, collection dates and methods. Other numerically 
dominant collectors included mayflies (Caenidae, Baetidae 
and Heptageniidae), caddisflies (Hydropsychidae), blackflies 
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(Simuliidae) and worms (Oligochaeta). 
TABLE 39. Decomposition series I dominant taxa breakdown by 
invertebrate group (GP) and percent (Pet) for 
maple and corn leaf packs (Den=total density, 
SH=shredder, SC=scraper, PR=predator) 
MAPLE CORN 
Site Den GP Taxa Pet Den GP Taxa Pet 
Bear-B 668 CO Caenidae 23 652 CO Chironomidae 20 
CO Hydropsychidae 14 SC Phvsa 11 
CO Chironomidae 11 CO Hydrop sychidae 10 
SH Allocaonia 6 CO Oligochaeta 10 
PR Tanypodinae 5 PR Tanypodinae 7 
SC Physa 5 SH Allocapnia 7 
CO Heptageniidae 2 CO Caenidae 6 
CO Oligochaeta 1 PR Empididae 6 
Total = 67 Total = 77 
Big-A 947 CO Chironomidae 61 744 CO Chironomidae 72 
PR Tanypodinae 13 PR Tanypodinae 5 
SC Phvsa 2 CO Simuliidae 2 
CO Simuliidae 2 SC Phvsa 2 
Total, = 78 Total = 81 
Big-B 1080 CO Chironomidae 65 981 CO Chironomidae 61 
CO Caenidae 14 CO Caenidae 19 
SC Phvsa 6 SC Phvsa 11 
Total = 85 PR Tanypodinae 5 
Total = 96 
A stonefly (Allocapnia) and an amphipod (Hyalella) 
comprised the dominant shredder group. Although' never 
numerically dominant, the shredder representative Tipula, 
considering its large size, was relatively frequent at most 
wooded sites. Among sampling methods (decomposition series 
II, III, artificial substrates, and natural detritus) Tipula 
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TABLE 40. Decomposition series II dominant taxa breakdown 
by invertebrate group (CP) and percent (Pet) for 
maple and corn leaf packs (Den=total density, 
CO=collector, SH=shredder, SC=scraper, 
PR=predator) 
MAPLE CORN 
Site Den CP Taxa Pet Den GP Taxa Pet 
Bear-B 1812 CO Chironomidae 34 2174 SC Physa 40 
SC Physa 24 CO Chironomidae 27 
CO Caenidae 11 PR Tanypodinae 11 
PR Tanypodinae 7 CO Caenidae 9 
CO Hydropsychidae 1 Total = 87 
Total = 78 
Coal V. 1888 CO Chironomidae 37 934 SC Physa 39 
SC Physa 25 CO Chironomidae 25 
CO Oligochaeta 15 CO Oligochaeta 12 
CO Baetidae 7 CO Baetidae 11 
Total = 85 SH Hyalella 2 
Total = 90 
Honey 2758 CO Chironomidae 60 1995 CO Chironomidae 91 
CO Oligochaeta 21 CO Oligochaeta 3 
CO Simuliidae 15 Total = 94 
PR Tanypodinae. 1 
Total = 97 
Honey T. 474 CO Chironomidae 51 315 CO Chironomidae 53 
CO Oligochaeta 14 CO Oligochaeta 21 
PR Tanypodinae 4 SC Physa 8 
Total = 79 PR Tanypodinae 6 
CO Simuliidae <1 
Total = • 78 
Big-A. 1137 CO Chironomidae 57 875 CO Chironomidae 71 
SH Hvalella 8 SC Physa 8 
SC Phvsa 7 CO Oligochaeta 1 
CO Oligochaeta 4 PR Tanypodinae <1 
Total = 75 PR Erpobdellidae <1 
Total = 80 
Big-B 225 CO Oligochaeta 35 375 SC Physa 42 
CO Chironomidae 27 CO Oligochaeta 15 
SC Physa 8 CO Chironomidae 14 
PR Tanypodinae 5 SC Limnaea 5 
SC Limnaea 5 PR Tanypodinae 2 
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TABLE 40 (continued) 
MAPLE 
Site Den GP Taxa Pet 
CO Caenidae 2 
CO Heptageniidae 2 
Total = 85 
CORN 
Den GP Taxa Pet 
Total = 79 
Walnut-B 978 CO Chironomidae 47 
CO Oligochaeta 21 
SC Physa 14 
CO Simuliidae 4 
Total = 86 
780 CO Chironomidae 49 
CO Oligochaeta 19 
SC Physa 18 
Total = 85 
CO Chironomidae 39 1037 CO Chironomidae 51 
CO Simuliidae 15 SC Physa 12 
CO Oligochaeta 12 CO Oligochaeta 7 
SC Physa 5 SH Hyalella 5 
PR Tanypodinae 4 PR Tanypodinae 2 
SH Hyalella 3 SC Elmidae 1 
Total = 79 CO Caenidae <1 
CO Heptageniidae <1 
Total = 77 
was numerically important at Honey Trib. (33 individuals), 
Bear-B (14), Coal Valley (10) and Walnut-B (5). In 
addition, three large caddisfly shredders (Limnephilus) were 
collected at Coal Valley. Numerical dominance was 
established by the small stonefly shredder, Allocapnia at 
Honey Trib. and Coal Valley. Tipula and Allocapnia were 
also important shredder representatives at Bear-B during 
decomposition series I. 
A different dominant shredder assemblage characterized 
open sites. Hyalella, a facultative shredder-collector, was 
numerically dominant at Big-A, Big-B and Keigley during 
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TABLE 41. Decomposition series III dominant taxa breakdown 
by invertebrate group (GP) and percent (Pet) for 
maple and corn leaf packs (Den=total density, 
CO=collector, SH=shredder, SC=scraper, 
PR=predator) 
MAPLE CORN 
Site Den GP Taxa Pet Den GP Taxa Pet 
Bear-B 1435 CO Chironomidae 33 1464 CO Chironomidae 34 
PR Tanypodinae 16 PR Tanypodinae 16 
CO Hydropsychidae 9 CO Oligochaeta 7 
Total = 58 CO Hydropsychidae 5 
CO Caenidae 2 
Total = 64 
Coal V. 735 CO Oligochaeta 50 884 CO Oligochaeta 48 
CO Chironomidae 18 CO Chironomidae 34 
Total = 68 Total = 82 
Honey 950 CO Chironomidae 42 1423 CO Chironomidae 48 
CO Oligochaeta 27 CO Oligochaeta 37 
PR Tanypodinae 13 PR Tanypodinae 2 
Total = 82 Total = 87 
Honey T. 614 CO Chironomidae 54 391 CO Chironomidae 56 
SH Allocapnia . 10 SH Allocapnia 13 
PR Tanypodinae 11 CO Oligochaeta 6 
CO Oligochaeta 7 PR Tanypodinae 1 
Total = 83 Total = 76 
Big-A 1428 CO Chironomidae 38 1065 CO Chironomidae 43 
CO Simuliidae 20 PR Tanypodinae 22 
PR Tanypodinae 10 CO Simuliidae 17 
SC Planorbidae 3 SH Hyalella 10 
SH Hyalella 3 SC Planorbidae 4 
• 
Total = 74 Total = 96 
Big-B 1254 CO Chironomidae 41 1427 CO Chironomidae 55 
SC Physa 15 SC Physa 13 
SH Hyalella 13 SH Hyalella 12 
PR Tanypodinae 9 PR Tanypodinae 9 
CO Hydropsychidae 1 Total = 89 
Total = 79 
Walnut-B 801 CO Chironomidae 23 606 CO Chironomidae 26 
SC Physa 19 SC Physa 24 
PR Tanypodinae 19 CO Oligochaeta 19 
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TABLE 41 (continued) 
MAPLE CORN 
Site Den GP Taxa Pet Den GP Taxa Pet 
CO Oligochaeta 18 
Total = 79 
PR Tanypodinae 12 
Total = 81 
Keigley 816 CO Hydropsychidae 24 
CO Caenidae 18 
CO Chironomidae 18 
PR Tanypodinae 12 
CO Oligochaeta 8 
SH Hyalella 5 
Total = 85 
780 CO Chironomidae 22 
PR Tanypodinae 18 
CO Hydropsychidae 15 
CO Caenidae 9 
CO Oligochaeta 8 
SO Physa 4 
SH Hyalella 3 
SO Elmidae 2 
Total = 82 
decomposition series II and III. Among sites, numerically 
dominant predators consisted of midges (Tanypodinae) and 
leeches (Erpobdellidae). Scrapers were dominated by 
gastropods (Physa, Lymnaea, Planorbidae) and riffle beetles 
(Elmidae). 
Total invertebrate leaf pack density Invertebrate 
mean total density assessments for the series II 
decomposition period are presented in Tables 44 and 45. 
Densities were calculated on a per pack basis. Although 
pack biomass varied somewhat, colonizable area was assumed 
to be the same for each pack (ca. 38 cm^) for each of the 
three exposures and for both leaf types. The effects of 
site, days of exposure, and leaf type were significant and a 
further analysis of mean effects is shown in Table 45. 
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TABLE 42. Artificial substrate dominant invertebrate taxa 
breakdown by invertebrate group (GP) and percent 
(Pet) for two sampling periods (Den=total 
density, CO=collector, SH=shredder, SC=scraper, 
PR=predator) 
Site Den GP Taxa Pet Den GP Taxa Pet 
Bear-B 223 CO Chironomidae 42 499 CO Chironoraidae 80 
CO Heptageniidae 22 Total = 80 
CO Hydropsychidae 18 
Total = 82 
Coal V. 331 SH Alloeapnia 63 386 CO Chironomidae 39 
CO Chironomidae 11 CO Oligochaeta 35 
Total = 74 Total = 74 
Honey 118 CO Chironomidae 50 2252 CO Simuliidae 57 
CO Simuliidae 22 CO Chironomidae 33 
Total = 82 Total = 100 
Honey T. 127 CO Chironomidae 50 180 CO Chironomidae 71 
PR Tanypodinae 13 Total = 71 
SH Alloeapnia 13 
Total.= 86 
Big-A 300 CO Chironomidae 36 1144 CO Chironomidae 57 
CO Simuliidae 14 CO Simuliidae 28 
PR Tanypodinae 12 Total = 85 
Total = 52 
Big-B 1021 CO Simuliidae 82 85 CO Caenidae 35 
Total = 82 SC Physa ' 27 
CO Chironomidae 26 
Total = 88 
Walnut-B Intermittent,no sample 923 CO Chironomidae 42 
CO Simuliidae 40 
Total = 82 
Keigley 797 CO Hydropsychidae 41 449 CO Chironomidae 53 
CO Caenidae 20 CO Simuliidae 15 
PR Tanypodinae 14 SC Physa 12 
Total = 75 Total = 80 
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TABLE 43. Natural detritus dominant invertebrate taxa 
breakdown by groups (GP) and percent (Pet, 
CO=collector, SH=shredder, SC=scraper, 
PR=predator) 
Site Detritus Density GP Taxa Pet 
Bear-B Leaf 728 CO Hydropsychidae 44 
CO Chironomidae 18 
Total = 62 
Coal Valley Leaf 475 SH Allocapnia 35 
CO Oligochaeta 29 
CO Chironomidae 23 
Total = 87 
Honey Leaf 563 CO Chironomidae 58 
CO Oligochaeta 35 
Total = 93 
Honey Trib. Leaf 450 SH Allocapnia 58 
CO Chironomidae 28 
Total = 86 
Big-A Grass 2328 CO Chironomidae 40 
SC Planorbidae 20 
CO Simuliidae 17 
Total = 77 
Big-B Grass 1518 CO Chironomidae 51 
SC Physa 14 
PR Tanypodinae 10 
Total = 85 
Walnut-B Leaf 351 SC Physa 38 ' 
CO Oligochaeta 26 
CO Chironomidae 24 
Total = 88 
Keigley Grass 1774 CO Chironomidae 50 
CO Oligochaeta 13 
PR Tanypodinae 11 
Total = 74 
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Highest invertebrate density values were found at Honey, the 
sewage receiving stream, and Bear-B, a large watershed 
wooded pasture stream. Lowest densities were found at Honey 
Trib., a small wooded stream, and Big-B, a large watershed 
but short-term intermittent site. 
TABLE 44. Analysis of variance model for total invertebrate 
density on series II maple and corn leaf 
substrates 
R2 = 0.82 
MEAN SQUARE: MODEL = 59723.71 ERROR = 4056.01 
Source DF F PR>F 
MODEL 33 14.72 0.0001 
Site 7 27.05 0.0001 
Days 2 34.47 0.0001 
Leaf 1 5.64 0.0193 
Site(Days) 14 14.62 0.0001 
Site(Leaf) 7 2.20 0.0393 
Days(Leaf) 2 - 0.87 0.4236 
ERROR 107 
Invertebrate densities were similar over the first two 
exposures among sites and leaf type (Table 45) but 
significantly lower for the third exposure. Among sites and 
sampling periods, maple leaf substrates were associated with 
significantly higher densities than corn leaves. 
Leaf pack invertebrate functional groups 
Invertebrate functional group densities were analyzed for 
the series 11 decomposition period and are presented in 
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TABLE 45. Site, days and leaf means of total invertebrate 
densities for series II maple and corn leaves and 
Duncan's multiple range test of significance 
(means with same group number are not 
significantly different, P < 0.05) 
N SITE MEAN GROUP 
18 Honey 260 1 
18 Bear-B 219 1 
18 Coal Valley 154 2 
18 Keigley 120 2 , 3  
18 Big-A 102 3 
18 Walnut-B 95 3 
18 Honey Trib. 43 4 
15 Big-B 33 4 
N DAYS MEAN GROUP 
48 26 169 1 
45 52 157 1 
48 71 67 2 
N LEAF MEAN GROUP 
69 Maple 145 1 
72 Corn 116 . 2 
Tables 46 and 47. The effects of site and the number of 
days of exposure are significant for all invertebrate 
groups. However, leaf type was significant for only 
collectors and predators (Table 46). Collectors were 
numerically dominant at Honey, the sewage receiving stream, 
and found in significantly lower numbers in Honey Trib., a 
small wooded stream, and Big-B, a large watershed short-term 
intermittent site, compared with all other sites. Predators 
were found in largest numbers at Bear-B but were rarely 
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found at Honey. Shredders were numerically important at 
only Big-A and Keigley, both open canopy sites, whereas 
scrapers were observed in highest densities at Bear-B and 
Coal Valley. 
Invertebrate groups colonized experimental leaf 
substrates during series II at different rates (Table 47). 
Collectors were found in highest densities by the first 
exposure period and declined significantly during subsequent 
exposures whereas the highest densities of shredders were 
found during the third exposure. Earlier exposures had 
significantly fewer shredders. Predators and scrapers were 
found in significantly higher densities only during the 
second exposure. Maple leaf substrates were associated with 
higher densities of collectors and predators although there 
was no significant difference between leaf substrates for 
shredder and scraper densities among sites and exposures. 
Invertebrate density and biomass comparisons 
Invertebrate biomass for a given exposure for each 
sampling method was determined by combining data from the 
three replicates whereas replicates for density analyses 
were analyzed separately. The method chosen for biomass 
analysis served the intended purpose of comparing relative 
percent composition to characterize the biomass community 
structure component within sites, exposures, leaf types and 
sampling methods without overburdening time and equipment 
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TABLE 46. Analysis of variance models for invertebrate 
functional groups from series II maple and corn 
leaves 
COLLECTORS : 
R2 = 0.85 
MEAN SQUARE: MODEL = 50756.48 ERROR = 2703.16 
Source DF F PR>F 
MODEL 33 18. .78 0 .0001 
Site 7 34. 41 0 .0001 
Days 2 55. . 11 0 .0001 
Leaf 1 11. 09 0 .0012 
Site(Days) 14 17. , 54 0 .0001 
Site(Leaf) 7 1. , 44 0 .1962 
Days(Leaf) 2 0. ,95 0 .3897 
ERROR 107 
PREDATORS : 
R2 = 0.85 
MEAN SQUARE: MODEL = 412.82 ERROR = 22.10 
Source DF F PR>F 
MODEL 33 18. 68 0.0001 
Site 7 63.28 0.0001 
Days 2 12.76 0.0001 
Leaf 1 4.25 0.0417 
Site(Days) 14 9.25 0.0001 
Site(Leaf) 7 1.59 0.1463 
Days(Leaf) 2 1.59 0.2089 
ERROR 107 
SHREDDERS : 
R2 = 0.73 
MEAN SQUARE: MODEL = 60.58 ERROR =6.92 
Source DF F PR>F 
MODEL 33 8. 89 0.0001 
Site 7 19.39 0.0001 
Days 2 24. 40 0.0001 
Leaf 1 0. 07 0.7990 
Site(Days) 14 6. 66 0.0001 
Site(Leaf) 7 2.18 0.0412 
Days(Leaf) 2 0.04 0.9590 
ERROR 107 
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TABLE 46 (continued) 
SCRAPERS : 
R 2  = 0 . 8 0  
MEAN SQUARE: MODEL = 5423.71 ERROR = 503.37 
Source 
MODEL 
Site 
Days 
Leaf 
DF 
33 
7 
2 
1 
14 
7 
2 
F PR>F 
0.0001 
0.0001 
0.0001 
0.1033 
0.0001 
0.0006 
0.2871 
Site(Days) 
Site(Leaf) 
Days(Leaf) 
12.75 
25.77 
39.26 
2.70 
9.17 
4.09 
1.26 
constraints. However, this treatment of biomass data did 
not allow the same rigorous statistical treatment applied to 
density data. Therefore, series II invertebrate densities 
and biomass were analyzed to assess possible predictive 
relationships, based on density alone, in order to make 
broader ecological statements concerning biomass. 
Although in general, highly significant correlations 
resulted from comparing total invertebrates and functional 
group densities with their associated biomass (Table 48) 
among sites and exposures, there appears to be a difference 
in the strengths of these relationships between leaf types 
for scrapers and total invertebrates. Presumably, other 
inconsistencies would result for different sampling methods 
and at different times of the year. In addition, there was 
not a significant relationship between shredder densities 
and biomass. 
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TABLE 47. Site, days, and leaf means of invertebrate group 
densities for series II maple and corn leaves and 
Duncan's multiple range test of significance 
(means with same group number are not 
significantly different, P < 0.05) 
COLLECTORS PREDATORS 
Site Mean Group Site Mean Group 
Honey 258 1 Bear-B 29 1 
Bear-B 107 2 Keigley 9 2 
Goal Valley 95 2 Big-A 8 2, 3 
Keigley 92 2 Coal Valley 7 2, 3,4 
Big-A 75 2 Honey Trib . 5 3,4,5 
Walnut-B 73 2 Walnut-B 4 4,5 
Honey Trib. 35 3 Big-B 2 5,6 
Big-B 19 3 Honey 1 6 
SHREDDERS SCRAPERS 
Site Mean Group Site Mean Group 
Big-A 7 1 Bear-B 78 1 
Keigley 6 1 Coal Valley 49 2 
Coal Valley 2 2 Walnut-B 17 3 
Walnut-B 1 2,3 Big-A 13 3 
Bear-B 1 2 , 3  Keigley 12 3 
Big-B 0.2 3 - Big-B 12 3 
Honey Trib. 0 . 2  3 Honey Trib 3 3 
Honey 0.1 3 Honey 0.1 3 
COLLECTORS PREDATORS 
Days Mean Group Days Mean Group 
26 152 1 52 11 1 
52 95 2 26 8 2 • 
71 41 3 71 6 2 
SHREDDERS SCRAPERS 
Days 
71 
52 
26 
Mean 
4 
2 
1 
Group 
1 
2 
3 
Days 
52 
71 
25 
Mean 
48 
16 
8 
Group 
1 
2 
2 
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TABLE 47 (continued) 
COLLECTORS PREDATORS 
Leaf 
Maple 
Corn 
Mean 
112 
80 
SHREDDERS 
Group 
1 
2 
Leaf 
Maple 
Corn 
Mean 
9 
8 
SCRAPERS 
Group 
1 
2 
Leaf 
Maple 
Corn 
Mean 
3 
2 
Group 
1 
1 
Leaf 
Corn 
Maple 
Mean 
27 
20 
Group 
1 
1 
TABLE 48. Correlations between invertebrate functional 
group densities and biomass (probabilities are 
listed beneath correlations) 
DENSITY X BIOMASS CORN MAPLE 
(N=32) (N=31) 
Total Invertebrates .77 .57 
(0.0001) (0.0009) 
Collectors .73 .73 
(0.0001) (0.0001) 
Predators .86 .93 
( 0 . 0 0 0 1 )  (0.0001) 
Shredders .07 -. 06 
(0.6884) (0.7572) 
Scrapers .93 .42 
(0.0001) (0.0180) 
Linear regressions for the dependent biomass variables 
with densities for leaf and corn data combined demonstrated 
significant relationships for all groups except for 
shredders (Table 49). However, high standard errors 
associated with intercept and slope estimates precluded the 
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use of density estimates to accurately predict invertebrate 
group biomass. Regression models based on log-normalized 
biomass data resulted in even lower goodness of fit. 
TABLE 49. Regression statistics of invertebrate functional 
group biomass (Y) on invertebrate functional 
group densities (X) for maple and corn leaf 
communities combined (series II) 
SOURCE DF MEAN SQUARE F PR>F R-SQUARE 
Total Invertebrates 1 292980. 32 47 .05 0. 0001 0 .44 
ERROR 51 5205. 12 
Collectors 1 52418. 87 57 .98 0. 0001 0 .53 
ERROR 51 918. 25 
Predators 1 15055. 18 207 .90 0. 0001 0 .77 
ERROR 61 72. 42 
Shredders 1 22. 32 0, .03 0. 8729 0 .00 
ERROR 51 -854. 95 
Scrapers 1 237498. 02 110, ,52 0. 0001 0 .54 
ERROR 51 2145. 91 
Ecological Comparisons Among Streams 
An ecological comparison among the eight stream sites 
based on 23 measured chemical, physical and biological 
variables was performed by principal component analysis and 
grouped into water quality, habitat, watershed and 
functional response characteristics. The three water 
quality variables selected, which demonstrated significant 
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differences among sites from earlier analyses, were total 
phosphorus concentrations, total alkalinity, and specific 
conductance for the period 21 February 1981 to 19 March 
1982. Nine habitat variables were selected for analysis and 
included summer maximum temperatures (1981), mean depth, 
pool and riffle development, percent shade conditions and 
relative frequency of gravel, sand, silt, and rock 
substrates. 
Five watershed characteristics chosen included 
watershed area, the number of riparian trees, percentage row 
crop and timber lands, as well as the percentage of stream 
length bordered by disturbed habitats (heavily grazed or 
denuded riparian zone). Functional responses included 
significant site means of experimental leaf decomposition 
rates (100 - mean percent remaining) during series II 
exposure periods (19 April - 10 August 1981), significant 
site means of attached algal biomass (20 April - 30 November 
1981), mean summer (1981) primary production rates (mg 
Og/m^), percentages of invertebrate shredder and collector 
biomass, and invertebrate diversity from all sampling 
methods (experimental leaf substrates, artificial 
substrates, natural detritus). 
In the analysis of the eight sites, the first three 
generated components accounted for 80% of the correlation 
matrix total variance. Component 1 contributed 38% of the 
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total variance with important loadings on the following 
watershed, habitat and functional response characteristics: 
positive loadings - percentage row crop area, watershed, 
area, and maximum summer temperature; negative loadings -
riparian tree frequency, percentage of timber area, 
percentage gravel substrates, percent stream shade 
conditions, decomposition rate and percent shredder biomass. 
Component 2 contributed 24% of the variance with the 
following major loadings: positive loadings - specific 
conductance, total phosphorus concentrations, attached algal 
biomass, percentage collector biomass, and riffle 
development; negative loading - invertebrate diversity. 
A plot of the first two components for the eight sites 
is shown in Figure 26A. Although there appears to be a 
continuum of ecological site .differences along the first 
component axis, the second component appears to explain 
mainly specific attributes of only Honey Cr. which, unlike 
the other agricultural streams, received large quantities of 
secondary treated sewage (ca. 4 million 1/day). Positive ' 
component 1 values reflect conditions of larger watersheds, 
with greater percentages of their land area in row crops and 
warmer stream temperatures. In addition, these sites tended 
to have fewer riparian trees, little canopy, a lower 
percentage of gravel substrates, low decomposition rates, 
and lower invertebrate shredder biomass. On the other hand. 
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positive component 2 values characterized Honey Cr. as 
atypical compared to the others with extremely high 
phosphorus concentrations and specific conductance values, 
as well as very high attached algal biomass and percentage 
invertebrate collector biomass but with very low 
invertebrate diversity. In addition. Honey Cr. demonstrated 
greater riffle development compared with the other seven 
sites. 
In order to further characterize the other seven 
sites, a second principal component analysis was performed, 
but excluded the Honey Cr. data. The first three components 
of these analysis accounted for 85% of the total variance. 
The first two components accounted for 73% of the variance 
and are plotted in Figure 25B. The first component excluded 
two of the nine variables used in the analysis of eight 
sites (watershed area, decomposition rates) but included 
positive loadings of three other variables used in the 
second component in the previous analysis (percentage 
collector biomass, diversity, attached algal biomass). The 
second component of the new analysis included a negative 
loading of only one variable from the previous analysis 
(percent riffle development) and included positive loadings 
of the following habitat variables; relative percentages of 
rock and sand substrates; percentage pool development; mean 
depth; and a negative loading of percentage silt habitats. 
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FIGURE 26. Plots of the first two principal components 
demonstrating ecological relationships among the 
study streams (A - all sites, B - excluding 
Honey Cr.) 
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Positive values along the component 1 axis of the 
analysis of seven sites (Figure 25B) tended to describe 
sites and watersheds of higher percentage row crop lands 
with fewer riparian trees and less watershed timber 
development. In addition, these sites generally displayed 
warmer stream temperatures, less shade, higher attached 
algal biomass, higher percentage collector biomass but lower 
percentage shredder biomass, higher invertebrate diversity 
and lower percentage of gravel substrates. Positive 
component 2 values tended to characterize those sites 
possessing more rocks, sand, and pool habitats, and greater 
mean depths but less silt, and lower riffle development. 
Classification of the eight stream sites from these 
two analyses is summarized in Table 50. The stream sites 
fall ecologically into four groups based on 12 major loading 
categories of watershed characteristics, habitat quality, 
and functional responses resulting from interpretations of 
the principal component analyses. Honey Cr., the single 
group "A" site, was characterized as a partially shaded, 
highly impacted water quality stream and displayed very high 
attached algal biomass and collector biomass percentage, and 
very low invertebrate diversity. Honey Trib. and Coal 
Valley, group "B" sites, were cool-water, small-watershed, 
densely shaded streams and characterized as low algal . 
biomass producers but fast detrital decomposers associated 
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with a large invertebrate shredder biomass component. 
Group "C", comprised two partially shaded streams, 
Walnut-B and Bear-B, which demonstrated moderate attached 
algal biomass, detrital decomposition rate, invertebrate 
diversity and low to moderate shredder biomass. Group "D" 
sites were characterized as open-canopy, warm-water streams 
with high attached algal biomass, slow decomposition rates, 
and moderate to high collector biomass percentages and 
invertebrate diversities but displayed a low shredder 
biomass component. 
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TABLE 50. Ecological classifications of the eight study 
sites based on principal component analyses 
(HNY=Honey, HYT=Honey Trib., CLV=Coal Valley, 
WTB=Walnut-B, BRB=Bear-B, KLY=Keigley, BGA=Big-A, 
BGB=Big-B) 
GROUP SITE 
A. 
B. 
HNY 
HYT 
CLV 
HABITAT QUALITY 
Shade Temp. Water 
mod mod v.low Large mod 
high 
tr 
low 
II 
mod 
II 
WATERSHED CHARACTERISTICS 
Row Riparian 
Area crop Timber trees 
Small mod 
low 
mod 
II 
mod 
high 
II 
C. WTB 
BRB 
mod 
II 
mod 
tt 
mod 
II 
Large high low mod 
II II II II 
KLY 
BGA 
BGB 
GROUP SITE 
A. HNY 
low 
tt 
high 
II 
mod Large high low low 
" Small " " 
II II II Large " " 
FUNCTIONAL RESPONSES 
Attached Algae Decomp. Coll. Shred. Diversity 
v.high mod v.high low V. low 
B. HYT 
CLV 
low 
tt 
fast 
ft 
low 
tt 
high 
II 
low 
mod 
WTB 
BRB 
mod 
II 
mod 
II 
mod 
It 
low 
mod 
mod 
II 
D. KLY 
BGA 
BGB 
high 
II 
slow 
mod 
high 
It 
mod 
low 
It 
high 
tt 
mod 
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DISCUSSION 
Headwater streams are characterized by an intimate 
association between the land and water interface. As a 
result, these streams are very sensitive to watershed and 
near stream modifications. Consequently, agricultural 
watershed practices may easily modify instream biological 
processes, physical character and chemical cycling. Under 
natural conditions, streams maintain high water quality by 
efficiently processing and cycling organic matter, nutrients 
and elements through biotic and abiotic pathways. Any gross 
alterations of the natural timing or inputs of organic 
matter and nutrients or changes in the physical character of 
streambed or riparian habitats beyond natural variation is 
likely to affect biological, physical and chemical 
interactions responsible for the maintenance of a quality 
water resource. 
Watershed Classification 
The assessment of present day agricultural watershed 
modifications on central Iowa stream ecological processes 
and water quality is hampered by the lack of relevant 
scientific studies prior to the advent of intensive 
agricultural practices. Furthermore, it is difficult to 
find a single watershed today throughout the Great Plains 
which has not been agriculturally modified. However, 
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research carried out on a pristine tallgrass prairie stream 
within the Konza Prairie Research National Area near 
Manhattan, Kansas (Gurtz et al. 1982) does provide limited 
baseline information necessary for the understanding of 
midwestern agricultural watershed modifications on stream 
ecosystems. 
The present study focused on drainages variously 
modified by agricultural practices. Such practices included 
stream channelization, drainage tiling, removal of riparian 
vegetation, intensive row crop agriculture and grazing. 
Secondary treated sewage input from a rural community was an 
additional impact which characterized one of the studied 
drainages. Except for sewage input, most drainages were 
characterized as exhibiting a continuum of all the above 
modifications. Two drainage.area categories (less than 16 
km^ and 28-52 km^), representing first to third order 
reaches, were selected in order to determine possible 
longitudinal patterns described by Vannote et al. (1980). 
Shaded sites were typical of Des Moines River 
drainages (Coal Valley, Bear A and B, Honey, Honey Trib.). 
In general, terrain characteristics of watersheds near the 
Des Moines River precluded row crop agricultural practices 
in the immediate tributary valleys. However, extensive row 
crop agriculture dominated the land use practices within 
their basins (53-85% of land area). Row crop agriculture 
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dominated the other basins as well (85-88% of land area). 
Water Quality 
Stream water quality among all sites was degraded and 
reflected the high degree of row crop agricultural 
development in these watersheds. These hardwater streams 
all displayed extremely high nutrient and suspended solid 
concentrations especially during runoff events. The strong 
relationships between discharge, total phosphorus and 
inorganic suspended solids indicate the tendency of surface 
runoff to dislodge soil particles in unprotected watersheds, 
and the affinity of phosphorus for small particles. 
Inorganic nitrogen (NO^ + ) on the other hand, is 
readily leached through soil horizons and is, therefore, a 
more important component of groundwater and tile drainage 
than surface runoff. Organic nitrogen concentrations which 
may originate directly from the watershed may be diluted 
during very high runoff events. 
The timing of water sample collections at a given site 
during runoff events is of critical importance. Samples 
collected at a single site during the rising or falling 
limbs of the hydrograph may be quite different in relative 
concentrations of measured water quality parameters for a 
given discharge event. Therefore, analysis of samples from 
several sites during a single surface runoff event may be 
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confounded. Although collection procedures for this study 
attempted to minimize this problem by collecting samples 
from the smaller drainages first, the inherent variability 
of rainfall intensity, duration and scope prevented sampling 
at the same relative point of the hydrograph at every site. 
However, certain general comments regarding water quality 
comparisons among sites are warranted. 
Very high sampling date variances were associated with 
the 11 physical and chemical water quality variables because 
of the effects of discharge and runoff events. Thus, 
significant water quality effects could only be demonstrated 
for Honey Creek compared to all other sites for only two 
variables (specific conductance and total phosphorus 
concentrations). In addition, chronically high values of 
total alkalinity characterized small groundwater-fed sites. 
However, Honey Trib. and Big-A demonstrated relatively low 
mean concentrations of inorganic particulate matter, total 
phosphorus, and total nitrogen compared with other sites. 
Honey Trib. had the smallest watershed area, lowest land 
area percentage in row crops and largest percentage of non-
pastured woodland. Big-A, although heavily row-cropped and 
channelized, was protected from direct surface runoff 
(except during the most intense rainfalls) by grassed 
waterways, a narrow dense-grass riparian buffer strip and an 
extensive subsurface tile drainage system. 
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Honey Cr., on the other hand, transported very high 
nutrient loads while Coal Valley carried higher suspended 
inorganic matter loads compared with other sites. Honey had 
the highest mean total phosphorus concentrations and second 
highest total nitrogen levels as a result of sewage inputs. 
Coal Valley, which is similar in size to Big-A, had very 
high concentrations of inorganic particulate matter and 
associated total phosphorus from the watershed which 
appeared to be related to a relatively steep watershed 
gradient and the absence of grassed waterways and little 
riparian vegetation protection in the upper reaches. Indeed 
the strong correlations between percentages of upstream 
disturbed riparian areas with organic and inorganic 
suspended materials and the water quality index 
incorporating maximum concentrations of total particulate 
matter, total nitrogen and total phosphorus underscore this 
general relationship among sites. 
Oxygen concentrations were generally adequate during 
the intervals monitored except at Big-A and Big-B during 
midsummer when values as low as 0.8 mg/1 to 1.5 mg/1 were 
observed. These minimum concentrations may be related to 
high microbial activity, very warm stream temperatures, and 
macrophyte respiration. Although these low oxygen 
conditions prevailed only several hours over a diurnal 
period, it might have been long enough to eliminate low 
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oxygen sensitive invertebrates (Welch 1981). In addition, 
large diurnal oxygen fluxes characterized all open canopy 
sites. 
Temperature regimes among sites were associated with 
the degree of development of an overhead canopy and drainage 
area considerations. Canopy development was most pronounced 
during the summer period. Maximum temperatures at the three 
most densely shaded sites (Coal Valley, Walnut-B and Honey 
Trib.) were much cooler (max. 28-29 C) than partially shaded 
sites (Honey and Bear-B; max. 33-34 C) or two open canopy 
sites (Big-B and Keigley; max. 37-38 C). Big-A, an open 
canopy small watershed site, was intermediate between two 
partially shaded large watershed sites (Honey and Bear-B). 
The extremely high summertime maximum temperatures 
experienced at the open sites may well have caused a 
reduction in potential invertebrate diversity or density. 
Welch (1981) suggests that to maintain normal invertebrate 
diversity and abundance the mean daily temperature should 
not exceed 30 C. 
Decomposition 
A number of factors have been cited as affecting 
decomposition rates of organic materials in streams. Among 
these are the type and amount of organic matter inputs 
(Benfield et al. 1979), water temperature (Triska and Sedell 
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1976), initial chemical composition (e.g. Hart and Howmiller 
1975, Kaushik and Hynes 1958), dissolved oxygen 
concentrations and length of wetting (Merritt and Lawson 
1979), flow rate (Cummins et al. 1980) and presence of 
microbial (Suberkropp and Klug 1975) and invertebrate 
communities (Anderson and Sedell 1979). In this study, 
substrate type and initial chemical composition were the 
same at all sites, and flow rates were similar. Sugar maple 
leaves were selected as typical organic allochthonous 
substrates which enter central Iowa stream systems 
associated with woodlots or forested riparian areas. It was 
hyphothesized that agriculturally modified streams would 
process such allochthonous materials more slowly than less 
modified streams. Many central Iowa streams, however, have 
a very narrow or non-existent riparian zone and thus are 
intimately associated with the predominant row crop farming 
practices which characterize many of their watersheds. 
Field corn leaves were used, therefore, to determine the 
fate and utilization of such crop detritus which may be 
transported into such systems during runoff events occurring 
throughout the spring and fall seasons. 
Under similar conditions, leaf species decompose at 
different rates in stream systems. According to Peterson 
and Cummins (1974) leaf species may be separated into three 
precessing ranges based on their decomposition coefficients; 
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slow (0.005), medium (0.005-0.010), and fast (0.010-0.015). 
However, such rates may be modified by stream conditions. 
Table 51 is a compilation of typical fast decomposing leaf 
species and a comparison with rates associated with the Iowa 
streams in this study for sugar maple leaves (Acer 
saccharum). 
Short and Ward (1980) concluded that higher 
temperatures and enhanced microbial activity of a thermally 
modified section of the Colorado River were responsible for 
faster breakdown of alder leaves compared with rates of the 
cooler, unmodified Frazer River even though shredder 
organisms were more abundant in the Frazer River. However, 
high leaf breakdown rates of a third order mountain stream 
for this same species were attributed to high shredder 
densites (Short, Canton, and Ward 1980). Peterson and 
Cummins (1974) found higher rates for sugar maple leaves in 
a densely forested section compared to an open canopy 
section of Augusta Creek in southern Michigan, although 
leaves of most other species tested did not demonstrate this 
pattern. 
Peterson and Cummins (1974), however, noted summer 
breakdown rates of hickory (Carya glabra) were much faster 
under summer warm stream temperatures compared with fall 
temperature regimes. Minshall et al. (1983) found the 
fastest rates of decomposition occurred in the smallest size 
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TABLE 51. Decomposition rate coefficient comparisons 
between Iowa streams and others throughout the 
United States 
SPECIES 
Alnus 
K STREAM SEASON TEMP. 
tenuifolia .0462 river Oct-Dec 7-11 
It 
.0235 river Oct-Dec 0-7 
II 
.0308 headw. Oct-Jan 0 
Alnus 
rubra .0168 headw. aw M ^ 
Acer 
pseudoplat. 0110 headw. Nov-Jun 
Acer 
saccharum .0107 headw. Dec-May 
II 
.0065 headw. " 
Acer 
rubrum .0052 1! " 
Acer 
platanoides .0076 It " 
Tilia 
americana .0175 It " 
Carya 
glabra .0305 II summer 
II 
.0089 II f.all-spring -
REFERENCE 
Short & Ward 1980 
II 
Short et al. 1980 
Sedell et al. 1975 
Mathews & 
Kowalczewski 1968 
Peterson & 
Cummins 1974 
fall Minshal et al. 1983 
Carya 
tomentara .0035-.0153 
Fraximus 
americana .0120 " " - " 
PIatanus 
occidentalis.0057 headw. Dec-Mar .1-15 Benfield et al. 1977 
Celtis 
occidentalis 
pool .0065 headw. Nov-Feb Smith 1982 
riffle .0182 " " —- " 
pool .1059 headw. Oct-Jan Gelroth & 
riffle .0257 " " —- Marzolf 1978 
CENTRAL IOWA HEADWATER STREAMS 
SPECIES K SEASON MEAN TEMP, 
Acer saccharum .0043 - .0131 Nov-Apr 5.5 
" .0128 - .0345 Apr-Aug 21.1-17.0 
" .0115 - .0177 Aug-Dec 13.6-12.8 
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streams in a series of streams tested in four states 
(Oregon, Idaho, Michigan, Pennsylvania) although there were 
significant differences among the regions. Benfield et al. 
(1977) observed that decomposition rates of sycamore leaves 
in a pastureland stream in Virginia were relatively slow due 
to the virtual absence of shredders. Decomposition rates 
were faster in riffle sites compared to pools in Kings 
Creek, a natural prairie stream in Kansas (Smith 1982). A 
similar conclusion was drawn by Gelroth and Marzolf (1978) 
for another small Kansas stream, however, leaf substrates in 
pools from channelized reaches decomposed more slowly than 
they did in pools of natural areas, although decomposition 
rates in riffles under each condition were similar. 
It is difficult to compare decomposition rates in this 
study directly with those reported elsewhere because of the 
differences in thermal and flow regimes, methodologies 
employed and species tested, although according to Peterson 
and Cummins (1974) there does not appear to be any 
association of speed of processing beyond the generic level 
of classification of leaf substrates. Most decomposition 
studies use ash-free dry weights (AFDW) to estimate 
decomposition coefficients, although dry weights were used 
in this study. The use of dry weights in place of AFDW 
would presumably result in higher decomposition rate 
estimates. 
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In addition, nutrient loads were not measured in most 
decomposition studies and appear to affect decomposition 
rates. In a laboratory stream microcosm, enrichment with 
nitrate and phosphate accelerated sugar maple leaf weight 
loss and increased rates of respiration associated with the 
leaves as well as net leaching and fragmentation (Howarth 
and Fisher 1975). Elwood, Newbold, Trimble, and Stark 
(1981) experimentally enriched a section of a second-order 
stream in Tennessee with phosphate and observed 
significantly faster breakdown rates of red oak leaf packs 
over controls which they attributed to faster microbial 
conditioning and macroinvertebrate feeding. Triska and 
Sedell (1976), however, did not observe significant 
increases in the decomposition rates of four leaf species 
with nitrate enrichment alone. 
Sedimentation may confound the effects of nutrient 
enrichment. Meyer (1980) reported that leaf decay was 
slowest where sediment deposition was high and most rapid in 
sites where sediment deposition was low. Leaf phosphorus 
content increased during decomposition, although the 
increase was greatest where sediment deposition was 
greatest. Thus, phosphorus associated with sediment may be 
largely unavailable to microbial leaf decomposers. 
The Iowa streams selected in this study all 
demonstrated relatively high nutrient loads (mean range : 
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total phosphorus 0.18-2.01 mg/1; total nitrogen 3.17-6.70 
mg/l). However, these streams demonstrated marked 
differences in their temperature regimes during spring and 
summer periods, drastic differences in invertebrate groups 
associated with leaf shredding activity, flow permanency, 
animal leaf pack disturbances, and susceptibility to 
sediment deposition. Decomposition rates among these 
streams were also very different and are probably explained 
by a combination of the above factors. 
The highest decomposition rates during late fall to 
summer (series I and II) were associated with sites 
possessing the highest shredder and scraper biomass (Bear-B, 
Honey Trib., Coal Valley) during these sampling periods. 
However, a lower rate of decomposition at Bear-B during 
series II than would be expected, based on shredder and 
scraper biomass, is attributed to occasional removal of the 
packs from the stream by raccoons. Moderately fast series 
II sites were warm (Honey, Big-A), and either extremely 
nutrient rich (Honey), or associated with moderate 
facultative shredder (Big-A) or scraper (Walnut-B) biomass. 
Two extremely warm sites (Keigley, Big-B) demonstrated the 
slowest decomposition rates during series II. Big-B, 
however, was intermittent during this period while Keigley's 
leaf packs were subjected to partial sediment deposition. 
If the decomposition process was driven by microbial 
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metabolism alone, then higher decomposition rates would be 
associated with warmer streams. However, during 
decomposition series I and II the coolest streams were 
associated with the fastest decomposition rates while the 
warmest sites processed leaf substrates significantly more 
slowly. As stated earlier, the cooler streams were 
associated with riparian trees which provided a canopy. 
More importantly, the trees provided a reliable food 
resource base which could be exploited by shredders. 
Shredders were collected in much higher densities 
(Allocapnia) or biomass (Tipula and Limnephilus) at sites 
with rapid decomposition rates. Open sites had a much more 
depauperate shredder community comprised of facultative 
shredder-collectors (Hyalella and Asellus) but the relative 
abundance of these invertebrates also correlated with 
decomposition dynamics. 
Life history patterns of obligate shredders coincided 
with food resource availability. The winter stonefly, 
Allocapnia, was collected only during late fall and winter 
whereas the cranefly, Tipula, was collected throughout the 
fall to late spring. Limnephilus was collected at only one 
site during the spring. The amphipod, Hyalella, and the 
isopod, Asellus, both facultative shredder-collectors, were 
collected throughout the year. 
Growth of attached algae on leaf substrates confounded 
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the analysis of decomposition rates during series III 
(August-December). However, rate loss coefficients, based 
on exposures prior to algal accumulations, indicated more 
comparable rates among sites than series I or II. The 
lowest observed rate (0.0115) during this period (Coal 
Valley) was attributed to sedimentation effects. A similar 
buildup of attached algae on leaf packs was observed by 
Gurtz et al. (1982). An overall assessment of decomposition 
dynamics among sites during the other two decomposition 
series indicates that agricultural streams with tree-shaded 
riparian areas process leaf substrates faster than more open 
streams regardless of the water quality conditions measured. 
A tendency also existed, within a canopy category, for 
smaller watersheds to process organic materials faster than 
the larger areas. 
Primary Production 
The source of suspended algae in streams is believed 
to be from the streambed (Swanson and Bachmann 1976). Thus, 
under stable and comparable flow regimes, sites 
characterized by high attached algal biomass should 
transport correspondingly higher concentrations of suspended 
algae than streams which support lower attached algal 
biomass. In this study, a relationship between attached and 
suspended algae concentrations was observed. Generally, the 
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highest concentrations of suspended chlorpohyll were 
observed at open canopy sites and lowest concentrations at 
densely shaded sites, whereas attached algal biomass was 
greatest in the partially shaded sewage receiving stream 
(Honey), intermediate at open to partially shaded sites, and 
lowest at the densely shaded sites. Big-B, an open site, 
demonstrated relatively low values for both attached and 
suspended chlorophyll concentrations but was intermittent 
during part of the spring period. 
The suspended chlorophyll values in these headwater 
agricultural streams were very low compared to values 
reported for larger streams, although attached algal 
chlorophyll of Iowa streams are generally higher (Table 52). 
Except for large rivers, streams do not acquire a true 
phytop1anktonic component (Hynes 1970); therefore, higher 
concentrations of suspended chlorophyll a in the larger 
streams reflect the accumulation of algal materials from 
upstream scour and sloughing processes. Considering the 
small size and shallow depths of the streams in this study, 
the attached algal biomass component of open canopy sites 
assumes a proportionally greater importance in structuring 
the stream system compared to larger streams. The major 
component of production in the open canopy Iowa streams is 
undoubtedly benthic algae, and when substrate conditions 
permit, macrophytes may also assume a major importance. 
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TABLE 52. Comparison of suspended and attached algal 
biomass values (mg/m^ chlorophyll a) between Iowa 
and other North American streams 
SUSPENDED ATTACHED 
N Max Mean N Mean 
Big-A 10 3.29 0.52 33 52.72 
Keigley 10 2.52 0.58 35 49.07 
Honey 10 1.91 0.55 31 152.93 
Bear-B 10 1.78 0.54 23 53.08 
Walnut-B 9 1.37 0.50 25 50.45 
Big-B 8 0.90 0.31 26 27.40 
Coal Valley 9 0.88 0.30 35 18.50 
Honey Trib. 10 0.15 0.08 30 18.44 
Reference 
This Study 
Carnation Cr., BC 
Ritherdon Cr., BC 
Blue River, OK 
Skunk River, IA 
Logan River, UT 
4.0 
40.0 
1.5 Stockner & 
2.3 Shortreed 1975 
20-39 Duffer & 
Dorris 1955 
160 Swanson & 
Bachmann 1975 
300 McConnel & 
Sigler 1959 
For this study, precise correlation between attached 
and suspended algal biomass would not be expected due to the 
nature of the sampling schedule and design. Water samples 
were collected during periods of base flow and during high 
discharge events. The timing of collections relative to 
stage and discharge could not be standardized at all sites 
for all collections. In addition, a single water sample for 
suspended chlorophyll analysis may not be representative of 
the discharge or chlorophyll transport history during the 
entire two-week attached algal colonization period for 
145 
artificial substrates. Furthermore, exact site placement 
and colonization dynamics of artificial substrates may not 
have been representative of the entire study reach. 
Diurnal oxygen profiles among sites varied greatly. 
Although physical factors such as depth, turbulence, flow 
rate, and temperature affect percent saturation, biological 
processes (primary production and respiration) may greatly 
influence saturation. Where large departures from 
saturation occur biological processes are implicated. 
Estimates of primary production and respiration were based 
on analyses of diurnal oxygen changes at each site. 
The estimates of primary production and community 
respiration rates for the small Iowa streams were quite 
variable among sites and between summer and fall sampling 
periods. Summer rates for three sites were much higher than 
most values reported for other streams (Table 53). Fall 
production rates, however, were similar. The highest rate 
of primary production found was 55.8 mg O^/m^/day at Big-A 
under the conditions of low water, warm stream temperatures, 
high solar radiation, high nutrient loads and maximum 
development of extensive upstream macrophyte beds 
(Potamogeton pectinatus). A very high summer primary 
production rate was also observed at Big-B and was 
associated with a denso bloom of filamentous algae 
(Cladophora sp.), warm stream temperatures, high nutrient. 
147 
and high solar radiation conditions. Honey Cr., the sewage 
receiving stream, displayed both very high summer and fall 
primary production rates and was characterized as the site 
of highest attached algal biomass. 
Summer community respiration values for six of the 
Iowa streams were much higher than those reported elsewhere 
(Table 53) although fall respiration rates were comparable 
except for Honey Cr., the sewage receiving stream which 
demonstrated a very high fall respiration rate. High 
respiration rates at some sites are probably related to warm 
stream temperatures, high standing crops of benthic algae 
and/or macrophytes and possibly to oxygen demands of 
dissolved and particulate allochthonous organic matter 
imported from the agricultural watersheds and riparian zone. 
However, groundwater and tile line inputs of oxygen 
deficient water may also have contributed to the "apparent" 
respiration rates. In the fall, much cooler water 
temperatures presumably ameliorated respiration rates at 
most sites. 
The ratio of primary production to community 
respiration (P/R ratio) was < 1 during the summer at all 
Iowa stream sites and > 1 at only three sites during the 
fall. Interpretation of these ratios, however, is 
difficult. According to Vannote et al. (1930) streams with 
a ratio < 1 should be considered heterotrophic although Mann 
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TABLE 53. Comparison of primary production (P, 
O^/m^/day), respiration (R, 0^/m^/day), and 
P/R ratios between Iowa and other stream systems 
SITE P R P/R 
Honey Creek, Oklahoma 1.96 2.27 0.85 
(Reisen 1976) 
Pinto Creek, Arizona 
Polluted 3.45 3.84 0.90 
Unpolluted 5.3 4.3 1.23 
(Lewis & Gerking 1979) 
Laboratory Stream 3.7 2.7 1.37 
(Mclntire et al. 1954) 
Spring Creek, Penn. 3.98 
(McDonnell 1982) 
White Clay Creek, Penn. 5.2 8.9 0.58 
(Bott et al. 1978) 
Buffalo Creek, Penn. 5.62 2.15 2.60 
(McDiffett et al. 1972) 
Blue River, Oklahoma 10.1-48.0 11.0 0.62 
(Duffer & Dorris 1965) 
Truckee River, Nevada 4.0-16.5 4.8-17.7 0.77 
(Thomas & O'Connel 1965) 
River Ivel, England 9.6 8.5 1.13 
(Edwards & Owens 1962) 
Cedar Creek, Kansas 10.51 17.28 0.61 
(Prophet & Ransom 1974) 
Silver Springs, Florida 15.5 13.1 1.27 
(Odum 1957) 
Lost Creek, Kansas 
Natural 0.51-1.21 0.54-1.88 0.54-0.95 
Channelized 4.15 2.11 1.97 
(Gelroth & Marzolf 1978) 
CENTRAL IOWA HEADWATER STREAMS 
Summer Fall 
SITE P R P/R P R P/R 
Bear-B 9. ,7 15. ,0 0. 65 10. ,5 1, .9 5. 58 
Big-A 16 .8--55.8 39.2-57.7 0.43 -0.82 7. ,2 11, .6 0. 62 
Big-B 19. 0 27. 0 0. 70 3. 0 2, .8 1. 07 
Coal Valley 2, .3 25. 6 0. 09 1. ,7 4, .5 0. 38 
Honey 15. 3 28. 2 0. 58 15. ,8 45. ,8 0. 35 
Keigley 4. 8 41. 1 0. 12 8. ,5 10. 7 0. 79 
Walnut-B 4. ,4 8. 7 0. 50 7. ,1 0. 8 9. 10 
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(1975) concedes that only streams displaying ratios <0.5 
should be considered heterotrophic. Perhaps a stream which 
contributes greater than 50% of its energy source through 
instream primary production should be considered dominated 
by autotrophy. By this definition, most open to partially 
shaded streams in this study would be considered autotrophic 
and the densely shaded site (Coal Valley) and sewage 
receiving stream (Honey) would be classified as 
heterotrophic. 
However, Keigley, an open canopy site downstream from 
a large pasture would be considered heterotrophic. Very low 
light conditions during sampling periods at this site 
probably accounted for low production rates although high 
respiration rates might be attributed to the oxidation of 
cattle wastes and ammonia. In addition, the very high fall 
ratios experienced at Bear-B and Walnut-B may have been 
caused by a temperature artifact. Stream temperatures at 
Bear-B ranged from 1-5 C and did not get above 0.1 C at 
Walnut-B during the fall sampling period. These extremely 
low temperatures may have greatly affected respiration rates 
found at these sites during the late fall sampling effort. 
Furthermore, the oxygen monitor may not have functioned 
properly under such low temperature conditions. Therefore, 
caution should be used when interpreting production and 
respiration rates as well as P/R ratios with such a limited 
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data base. 
Oxygen values much greater than saturation occurred at 
all except the most heavily shaded sites (Coal Valley, Honey 
Trib.). Very high mid-day saturation values characterized 
open canopy sites during summer and partially shaded sites 
during fall. Primary production by macrophytes (Potamogeton 
pectinatus) at Big-A and filamentous algae (Big-A and B) are 
probably responsible for extreme summer supersaturation 
maximums whereas diatoms are probably more important primary 
producers in the fall. 
Invertebrate Community Structure 
The importance of shredders in the processing of leaf 
packs, especially at Honey Trib. and Coal Valley has already 
been discussed and reflects the nature of the probable 
dominant food resources (i.e. autumn shed leaves) at these 
two densely tree-shaded sites. However, the virtual 
dominance by the collector-scraper invertebrate assemblage 
at the other sites indicates a shift in the probable nature 
of the dominant food resources. Such food resources would 
likely be periphyton (scrapers) or suspended and deposited 
fine organic particles (collectors). 
All sites, excluding Honey Trib. and Coal Valley, were 
characterized by relatively high concentrations of fine 
suspended organic matter, as well as attached algae. Sites 
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that were characterized as having probable moderate leaf or 
other coarse particulate organic matter (e.g. field ,;rop 
residue), coupled with high concentrations of fine particles 
in suspension or a large attached algal standing crop 
retained both a substantial shredder (or facultative 
shredder-collector) and collector-scraper assemblage. 
The scraper assemblage was dominated both in terms of 
biomass and density by gastropods (Physa and Lymnaea). 
These scrapers are considered to be generalists (Pennak 
1978) relative to the type of food acquired (organic 
coatings on substrates). Therefore, occasional high 
densities of scrapers at both open and shaded sites 
reflected this probable condition of food resource 
flexibility under the constraints of a highly specialized 
feeding mode. Predator biomass occasionally fluctuated 
considerably within and among sites and collection methods. 
These fluctuations were usually caused by the presence or 
absence of a few very large invertebrate predators. 
Invertebrate taxa diversity appeared to be greater at 
those sites characterized by greater watershed size 
(Keigley), better water quality and dense macrophytes (Big-
A) or an apparent diversity of food resource size classes 
(leaves and high 0PM, Bear-B). Chronic low diversity was 
displayed at Honey Trib., a very small perennial drainage 
area site characterized by a large particle size food base 
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(leaves) and at a grossly organically enriched site (Honey 
Cr. ). 
Compared with similar sized streams across the 
country, Iowa agricultural streams generally possess greater 
invertebrate densities and biomass but lower diversity 
(Table 54). However, direct invertebrate diversity 
comparisons with other studies should be made with caution 
because taxonomic resolution is not generally standardized 
among investigations. In addition, Iowa headwater streams 
(and an agriculturally modified Minnesota stream) are 
dominated by generalist collectors or collectors with 
scrapers whereas headwaters in other areas are characterized 
as shredder-collector invertebrate assemblages. 
MacFarlane (1983) studied the community structure of 
benthic macroinvertebrate communities in Redwood R., a 
midwestern plains stream (Table 54). His study sites were 
divided into an upstream wooded area little modified by 
agricultural practices, a midreach area subjected to 
intensive cultivation, and a downstream section below an 
impoundment. The invertebrate community of the upstream 
site was represented by shredder and collector groups, while 
the mid and lower reaches were dominated by generalist 
collectors. 
Lemly (1982) studied a southern Appalachian trout 
stream which received pollutants from point sources. 
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TABLE 54. Invertebrate mean density (no./m^), biomass (mg 
dry weight/m^), diversity (Shannon-Weiner), and 
functional group dominance comparisons between 
streams throughout the United States with central 
Iowa streams 
SITE DENSITY BIOMASS DIVERSITY 
MINNESOTA (MacFarlane 1983): 
Redwood R. 
-unpolluted - 2.7 
-ag. impacts - 2.1 
-below impoundment - 6.3 
FUNCTIONAL 
GROUPS 
Shred./Coll. 
Coll. 
Coll. 
NORTH CAROLINA (Lemly 1982) 
Cullowhee Cr. 
-unpolluted 750 2.6 3.38 
-sediment. 1000 1.6 2.54 
-sed. + nut. 1000 1.7 2.08 
OREGON (Minshall et al. 1983): 
Devils Club 1000 - - Shred. 
MICHIGAN (Minshall et al. 1983): 
Smith Cr. 6000 - - Shred./Coll. 
IDAHO (Minshall et al. 1983): 
Camp Cr. 1600 - - Shred./Coll. 
PENNSYLVANIA (Minshall et al. 1983): 
Spring's Br. 2450 - - Scrap./Coll. 
IOWA (this study): ARTIFICIAL SUB. MAPLE & CORN L. 
DENSITY BIOMASS DENSITY BIOMASS DIVERSITY 
SITE F. GROUPS 
Bear-B Coll./Scrap. 2750 3 .0 39100 47. 3 2 .16 
Big-A. Coll. 5450 8 .6 18200 12. 7 2 .36 
Big-B Scrap./Coll. 4200 2 .7 5900 4. 2 2 .04 
Honey Coll. 8950 2 .3 46400 19. 5 1, .31 
Honey T. Shred. 1200 4 .1 7700 15. 0 1, .81 
Coal V. Shred./Scrap.2700 2 .0 27500 15. 7 1, .99 
Walnut-B Scrap./Coll. 7000 5 .1 17000 12. 7 1, .99 
Keigley Coll. 4700 5 .4 21400 10. 7 2 .60 
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allowing an assessment of impacts due to sedimentation alone 
and in association with elevated nutrient levels. Lemly 
concluded that inorganic sedimentation and nutrient addition 
operated synergistically, eliminating a significantly 
greater number of taxa than exposure to one pollutant alone. 
Lemly noted the filter-feeding collectors were particularly 
susceptible to the effects of sedimentation. 
Minshall et al. (1983) studied a series of streams in 
four distinct geographic areas in the northern United States 
to test aspects of the River Continuum concept (Vannote et 
al. 1980). As predicted, collectors and shredders generally 
were most abundant in the headwaters while scapers and 
collectors gained importance downstream. 
Comparisons Among the Iowa Streams 
The eight intensively studied stream sites clustered 
into four ecologically distinct groups, based on principal 
component analysis with loadings from 23 physical, chemical 
and biological parameters. Although all sites demonstrated 
impaired water quality with high sediment and nutrient 
loads. Honey Cr. had much higher phosphorus concentrations 
than all other sites as a result of transporting secondary 
treated sewage. This water quality impairment was also 
reflected by the invertebrate community. Honey Cr. had the 
lowest invertebrate community diversity and was 
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characterized by the virtual total dominance by pollution 
tolerant invertebrate collector assemblages. Attached algae 
at Honey Cr. not only reached the highest biomass among 
sites but appeared to be dominated by blue-greens, whereas 
filamentous greens and diatoms appeared to characterize all 
other sites. The relatively low nitrogen levels compared 
with extremely high phosphorus concentrations (mean N;P = 
5.55:2.01 = 3.3) may actually have caused nitrogen to be 
limiting and favor the nitrogen fixing blue-greens. 
Streams in the second ecological group (Honey Trib., 
Coal Valley) were the fastest detrital decomposers. These 
small watershed sites were the most densely shaded, coolest, 
and had acquired an invertebrate shredder assemblage typical 
of headwater forested streams studied elsewhere (Vannote et 
al. 1980). These streams also had the lowest algal biomass 
among sites. Both sites demonstrated relatively low 
invertebrate diversities, which is characteristic of 
headwater streams in general (Vannote et al. 1980). 
Three open canopy sites made up a third ecological 
group.(Keigley, Big-A, Big-B). In general, these sites were 
characterized by very warm stream temperatures, few riparian 
trees, high attached algal biomass, low detrital 
decomposition rates, and very reduced invertebrate shredder 
assemblages (although facultative shredders were present). 
Although Big-A fits the above general description, it is 
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distinguished by a moderate decomposition rate and is a 
small watershed site whereas the other two are large 
watershed sites. In addition, Keigley, the largest 
watershed site studied, had the highest invertebrate 
community diversity compared with the other seven sites. 
Keigley appeared to function more like the classical 
midreach streams discussed by Vannote et al. (1980). 
However, the invertebrate diversity observed at Keigley is 
probably far below hypothetical levels due to watershed 
agricultural modifications. 
The last group, comprised of two partially shaded 
large watershed streams (Bear-B, Walnut-B) demonstrated 
characteristics intermediate between the aforementioned 
second and third groups. 
Comparisons with a Natural Prairie Stream 
The agricultural watersheds investigated in this study 
have been ecologically impacted from their historical 
pristine tallgrass prairie character to present day land use 
conditions by intensive row-crop development, grazing and 
associated watershed and instream modifications. Today, 
central Iowa watersheds can be judged only on a relative 
scale based not on the presence or absence of modifications 
but rather on the degree of such changes. 
However, initial research findings from an intensively 
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studied tallgrass prairie stream ecosystem provides a 
limited framework for comparison. Kings Creek (560 ha 
drainage area) lies within the 3487-ha Konza Prairie 
Research Natural Area near Manhattan, Kansas (Gurtz et al. 
1982). Nutrient loads at baseflow and during a snow melt 
runoff period in this undisturbed hardwater stream are far 
below concentrations found in the agricultural streams at 
any time during this study. 
Invertebrates of Kings Cr. are dominated by 
generalists (collector-scrapers) with short life cycles. 
Shredders are virtually absent. However, the stream is 
ephemeral to intermittent except in the lowest reaches and 
thus would not be expected to acquire a shredder community 
characteristic of wooded perennial reaches. Large inputs of 
coarse particulate organic matter are limited to the lower 
reaches where a gallery forest had developed. The stream is 
also hydrologically variable with extreme discharge 
fluctuations associated with thunderstorm activity (Gurtz et 
al. 1982). 
Invertebrates of Kings Cr. were not associated with 
leaf pack decomposition dynamics. The short and 
unpredictable on-site residence time of leaf materials, due 
to the flushing action of high flows, was cited as a 
probable reason for the paucity of shredders (Gurtz et al. 
1982). The agricultural streams in this study were also 
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hydrologically variable, however, shredders were associated 
with tree-lined perennial streams and implicated in 
decomposition processes at these same sites. 
Fine particulate organic matter ingesters (collector 
and scraper assemblage) often dominated agricultural 
streams, especially the open canopy reaches. The dominance 
of fine particles in Kings Cr. (Gurtz et al. 1982) is also 
the probable condition of partially shaded to open 
agricultural streams. The nature of these particles, at 
least in agricultural streams, appears to be suspended algae 
or fine particles from the watershed depending on runoff 
events, flow conditions and season (this study, Schlosser 
and Karr 1980, Swanson and Bachmann 1976). 
Development of an Agricultural Stream Ecosystem Model 
A recent conceptual framework concerning stream 
ecosystems is the River Continuum (RC) concept proposed by 
Vannote et al. (1980). This concept was recently tested by 
comparing key ecosystem parameters along gradients of 
increasing stream size among four distinct geographical 
areas (Minshall et al. 1983) and only several of the 
generalizations were supported. The RC-concept incorporates 
numerous observations of physical, chemical and trophic 
phenomena that occur along longitudinal gradients of 
forested streams as well as limited empirical data from open 
159 
stream systems. The set of hypotheses suggest that stream 
morphology, current velocity, substrate composition, 
temperature and allochthonous and autochthonous energy 
inputs interact and influence availability of food for 
stream invertebrate consumers. Furthermore, the 
interactions are proposed to vary systematically from 
headwater streams to larger rivers and thus regulate 
distributional patterns of invertebrate functional feeding 
groups (Hawkins and Sedell 1981). 
Vannote et al. (1980) characterized lotie communities 
according to their relative position in relationship to the 
headwaters. According to the RC-concept, headwater streams 
are strongly influenced by riparian vegetation. The dense 
canopy shades the stream during summer, thus greatly 
reducing potential autotrophic production, and contributes 
substantial allochthonous CPOM in the form of autumn shed 
leaves. Maximum invertebrate diversity was proposed to 
occur in midstream reaches where both food resource and 
habitat diversity is maximized. Furthermore, midstream 
reaches are conceptualized as evolutionary "zones of 
convergence" of invertebrate assemblages from both upstream 
and downstream areas. 
The RC-model has been developed specifically for 
natural unperturbed stream ecosystems as they operate in the 
context of evolutionary time scales. However, Vannote et 
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al. (1980) speculated that watershed or instream alterations 
may act as reset mechanisms to cause a shift in the 
continuum response toward the headwaters or seaward 
depending on the type of perturbation and its location on 
the river system. 
Empirical evidence suggests that streams flowing 
through agricultural watersheds may be modified in a variety 
of ways which could reset the continuum response. Benfield 
et al. (1977) found a Virginia pastureland stream, cleared 
of most riparian vegetation, processed leaf material more 
slowely compared with a nearby woodland stream. In this 
study, the shaded, less modified sites processed maple and 
corn leaves faster than open canopy pasture or cultivated 
sites. Such inefficiency of the open canopy streams to 
break down CPOM was attributed to the virtual absence of a 
shredder community. 
Removal of riparian vegetation is often concurrent 
with channelization of headwater agricultural streams. 
Gelroth and Marzolf (1978) noted that a channelized 
headwater section of a Kansas stream had higher midsummer 
photosynthetic rates and lower leaf degradation rates in 
winter than more natural regions of the same stream. Karr 
and Dudley (1978) found that agriculturally modified 
headwater streams in Indiana (channelized and riparian 
vegetation removed) had higher instream plant production and 
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an invertebrate community dominated by scrapers and 
collectors compared to more natural streams where shade 
limited plant growth and shredders and collectors dominated 
the invertebrate community. In the present study, most open 
canopy and partially shaded sites had much higher primary 
production rates and algal biomass than shaded sites. 
Recently, Lemly (1982) was able to separate the 
effects of stream sedimentation and nutrient enrichment in 
his study of a southern Appalachian stream. Results 
indicated that species richness, diversity, and total 
biomass of several invertebrate groups were reduced by each 
effect. Furthermore, the combined effects operated 
synergistically and eliminated a significantly greater 
number of taxa than exposure to either pollutant alone. 
Iowa agricultural streams, characterized by both high 
sediment loads and nutrients have relatively high 
invertebrate densities and biomass although diversity is 
very low compared to non-agricultural streams. 
Modified .agricultural streams characteristically have 
high nutrient loads from non-point source inputs from their 
watersheds. Furthermore, headwater streams draining 
agricultural watersheds do not function like their woodland 
counterparts. Nutrient enrichments coupled with the removal 
of riparian vegetation may result in a shift from a 
potential allochthonous CPOM input to autochthonous inputs 
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dominated by FPOM. Numerous other physical and chemical 
regimes may also be affected. According to the RC-concept 
(Vannote et al. 1980) such perturbations may shift the 
continuum downstream resulting in processes and communities 
characteristic of midsize or larger streams. However, 
empirical evidence suggests that the RC-concept may need 
refinement. 
The Vannote at al. (1980) RC-concept does not appear 
to adequately accommodate results obtained from 
agriculturally modified headwater streams in central Iowa. 
According to theory the nutrient enrichments from farmland 
runoff (or sewage inputs) coupled with the practice of the 
removal of riparian vegetation in headwater streams should 
result in a structural and functional shift of stream 
conditions similar to hypothetical midsize or larger stream 
reaches. Although autotrophic production in these perturbed 
headwater streams is very important, other aspects of the 
concept are not supported. 
A comparison between characteristic hypothetical 
natural headwaters and midstream reaches (after Vannote et 
al. 1980) with agriculturally modified headwater reaches is 
presented in Table 55. The altered character of headwater 
agricultural streams and watersheds affects not only 
nutrient regimes and primary production potential but also 
includes increased sediment loads, higher temperature 
153 
fluctuations, greater discharge pulses, decreased habitat 
complexity and an altered food resource base. Furthermore, 
headwater streams are more intimately associated with 
adjacent watershed processes than are midsize or larger 
rivers. 
TABLE 55. Comparisons between hypothetical natural 
headwater and midwater reaches with 
agriculturally modified headwater streams 
Water Quality: 
HEADWATERS MIDREACHES AG HEADWATERS 
Temp, fluxes low 
D.O. fluxes low 
Solar rad. low 
Nutrients low 
Sediment loads low 
high 
mod 
high 
mod 
low-mod 
V. high 
V. high 
V. high 
V. high 
V. high 
Invertebrates: 
Groups 
Diversity 
Density 
Biomass 
Organic Matter: 
Coarse 
shred/coll 
low 
low-mod 
low-mod 
high(leaves) 
Fine 
Stream Metabolism: 
low 
coll/scrap 
high 
low-mod 
low-mod 
coll/scrap 
low 
high 
high 
mod(leaves) variable(field 
detritus, decaying 
macrophytes) 
high V .  high 
Primary Prod. v. low mod v. high 
Respiration mod low v. high 
P/R <1 >1 <1 
Decomp. rate fast mod slow 
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It does not appear realistic that a diverse assemblage 
of invertebrates, characteristic of hypothetical midstream 
reaches, would be "plastic" enough to readily accommodate 
such a radically altered headwater stream environment. 
Invertebrate community structure of agriculturally modified 
Iowa headwater streams (open canopy channelized, row cropped 
and/or heavily grazed) characteristically demonstrated a 
relatively low diversity dominated by "generalist" 
collectors and at some sites, collectors plus scraper 
assemblages, whereas less modified shaded sites had 
significant shredder communities in addition to collectors. 
However, density and biomass were relatively high in 
agriculturaly modified streams and the invertebrate groups 
were adapted for the utilization of the predominant food 
resource base (FPOM). Furthermore, temperature and 
dissolved oxygen fluxes are much greater in Iowa 
agricultural streams than what would be expected in larger 
volume rivers. 
Therefore, it is hypothesized that a conceptual model 
for headwater agricultural streams should include generally 
tolerant or rapidly recolonizing (multivoltine) invertebrate 
species and low diversity (Table 55). These forms must be 
able to accommodate high summer temperatures, nutrient 
enrichment, high silt loads, wide dissolved oxygen fluxes 
and occasional streambed scour. The invertebrate trophic 
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structure would be expected to reflect the predominant food 
resource base. Collectors should dominate the community and 
be followed in order of relative abundance (biomass) by 
scrapers, facultative shredder-collectors, and predators. 
Invertebrate densities and biomass may be high during 
periods of stable discharge for small tolerant forms and 
supported by transported and sedimented FPOM derived from 
both watershed and instream sources. 
During periods of stable discharge, high 
concentrations of FPOM from both instream and watershed 
sources should be exploited by both filtering and deposit 
feeding collectors. Facultative shredder-collectors would 
also be expected to exploit FPOM as well as decaying 
macrophytes during late summer and organic detritus (e.g. 
corn residue) transported to. the stream during occasional 
intense runoff events between fall harvest and spring 
planting. However, invertebrate mediated CPOM processing in 
agricultural streams would not be as efficient as such 
processes in forested streams. Scrapers might be expected 
to exploit potentially high periphyton densities. However, 
these organisms may be substrate limited in some silty 
streams but may become quite important in others where there 
are suitable cobble-rock substrates. Shredders may assume 
greater importance where riparian trees have become 
reestablished. However, under periods of discharge 
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instability from drought or discharge pulses and 
consequential substrate modifications (streambed drying, 
scour or sedimentation) invertebrates may be sharply 
reduced. The rate and recolonization would depend on the 
timing and severity of such events (Hynes 1970). 
The P/R ratio of open agricultural headwater streams 
would be expected to be near or less than one for most 
months of the year. Although open canopy and high nutrient 
agricultural streams would be expected to result in high 
primary production and large algal and/or macrophyte 
biomass, high community respiration due to microbial 
respiration of watershed-derived or instream-produced 
organic matter (and possibly in some cases oxidation of 
ammonia) would significantly suppress P/R ratios. 
Occasional large inputs of field detritus and dissolved 
organic matter may further depress this ratio temporarily 
due to high microbial metabolism. Similarly, P/R ratios 
much less than 1 might be experienced during dieback periods 
of dense macrophyte blooms in late summer or under ice and 
snow cover in the winter. In addition, drainage accrual of 
oxygen deficient tile-line inputs may contribute to 
"apparent respiration" effects. 
The degree and nature of the agricultural land use 
practices would determine the extent of departure from 
traditional trophic structure and ecological function 
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(Vannote et al. 1980). Larger agricultural rivers, 
dominated by FPOM imports and high silt loads from upstream 
sources would be expected to function as predicted by the 
RC-concept, although the "P/R shift" from less than to 
greater than 1 might not be experienced in such systems, nor 
would hypothetically diverse communities become established 
in such altered environments. 
Agricultural modifications in the watershed, 
nearstream, or within the stream channel may drastically 
alter the ecological structure and function of such streams 
as well as the potential for fisheries or recreational use. 
However, recent studies suggest that oases, maintained even 
within intensively developed agricultural watersheds, serve 
not only as réfugia for certain organisms but also as 
mitigation devices which ameliorate water quality 
impairments and buffer downstream reaches (Karr and Gorman 
1975, Luey and Adelman 1980, Marsh and Waters 1980, Marsh 
and Luey 1982). 
Karr and Gorman (1975) observed an improvement in 
water quality and organism diversity in an agriculturally 
modified stream as it flowed through a forest zone. 
Suspended sediment loads were reduced, temperature, oxygen, 
and nutrient fluctuations were greatly dampened, algal 
blooms were less frequent and the biotic assemblage 
reflected high water quality conditions. Further research 
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along these lines demands future consideration. 
This study provides a basic description of the 
ecological structure and function of differentially modified 
agricultural streams based on analyses of watershed land 
use, water quality parameters, detrital decomposition, 
primary production, and invertebrate community structure. 
Central Iowa streams do not appear to fit current conceptual 
models developed in other parts of the country and, 
therefore, a conceptual agricultural stream model was 
proposed based on empirical evidence. This study also 
identifies land use practices qualitatively implicated in 
impairing stream water quality and modifying ecological 
functioning. 
Recommendations 
The following recommendations point out relatively low 
cost land management techniques or practices which could be 
employed in central Iowa watersheds to ameliorate specific 
detrimental effects of agricultural land use practices to 
water quality, ecological functional processes, or 
biological assemblages. 
(1) Agricultural stream border zones should be protected 
against grazing or cropping practices and be allowed to 
acquire woody riparian vegetation or dense tall grasses. 
These relatively inexpensive management practices would 
159 
effectively cool stream temperatures, stabilize stream 
banks, increase habitat complexity, decrease algal or 
macrophyte blooms, decrease drastic oxygen fluctuations, 
increase organic matter retentiveness, decrease the import 
of fine inorganic and organic particulate matter from the 
watersheds, and allow invertebrate shredder communities to 
become established and thus increase detrital processing 
rates. 
fl(2) Other land management practices such as grassed 
waterways and conservation tillage practices should be 
employed in agricultural watersheds to trap fine inorganic 
and organic materials and associated phosphorus along with 
organic nitrogen before such materials reach watercourses. 
(3) Maintenance channelization should be suspended to allow 
channelized streams to regain their former meander character 
and to increase flow regime and substrate complexity. 
(4) Although this study identifies land use practices 
qualitatively implicated in impairing stream water quality 
and modifying ecological functioning, large scale long term 
watershed manipulation experiments should be undertaken to 
predict quantitatively the effects of current agricultural 
land use practices and recommended remedial measures on 
stream water quality and nutrient and material cycling. 
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CONCLUSIONS 
(1) Agriculturally impacted Iowa headwater streams do not 
fit conceptual ecological models proposed for streams in 
other parts of the country. 
(2) Agricultural land use practices impact stream water 
quality, detrital decomposition rates, primary production, 
and invertebrate community structure. 
(3) Greatest water quality impairment is associated with low 
watershed and riparian vegetation protection, and sewage 
inputs from rural communities. 
(4) Agricultural streams transport high sediment and 
phosphorus loads during runoff events and high inorganic and 
organic nitrogen during runoff and under base flow 
conditions. 
(5) Oxygen levels may drop to critically low levels in open 
canopy low gradient agricultural streams during the summer, 
under conditions of warm temperatures and maximum 
development or dieback of macrophytes and filamentous algal 
blooms. 
(6) Rates of primary production and community respiration of 
open canopy agricultural streams are much higher than rates 
reported for small streams in other parts of the country. 
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(7) Primary production is generally greatest in warm open 
canopy streams although spring and fall pulses are noted 
among shaded streams. 
(8) Detrital decomposition proceeds faster in cooler tree-
shaded agricultural streams compared with open canopy 
streams regardless of water quality conditions. Instream 
rapid decomposition rates are associated with invertebrate 
shredder assemblages. 
(9) Corn leaves decompose faster than maple leaves in 
agricultural streams, but similar crop detritus may 
contribute to oxygen demands in streams or downstream 
reservoirs after runoff events during certain times of the 
year. 
(10) Invertebrate community structure reflects the probable 
nature of food resources from either watershed or instream 
sources. Collectors and scrapers dominate open canopy 
agricultural streams whereas shredders are also important in 
tree-lined headwaters even in watersheds dominated by row 
cropping practices. 
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